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NH 



A class of acetamkline derivatives of general formula 
(1), methods for the manufacture thcrtof in therapy, partic- 
ulariy as inhibitors of nitric oxide synthase, is disclosed or 
a salt thereof, wherein R» is hydrogen, a Ci-6 hydrocari>yl 
group optionally substituted by halo, halo, nitro. cyano or a 
group XR3 wherein X is oxygen, C(0)m wherein m is 1 or 
2. S(0)n wherein n is 0. I or 2. or a group NR^ wherein R^ 
IS hydrogen or Ci-6 alkyl; and R3 is hydrogen. Ci,<s alkyl 

ZR'' wherein Z i<: n.vc^n rvnv^ u sutwuftited by one or more groups mdcpcndcntly selected from halo; Ny nitro- CFv 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States 
applications under the PCT. 



AT 


Austiu 


AU 


Avstnlia 


BB 


Barbwlos 


BE 


Betgium 


BF 


Burkina Fiso 


BG 


Bttlgam 


BJ 


Benin 


BR 


BcmzU 


BY 


Belarus 


CA 


Ctiuda 


CF 


Ccntnl Africin Republic 


CG 


Congo 


CH 


Switzerland 


CI 


CAte d'lvoire 


CM 


Canteroon 


CN 


China 


CS 


Czechask>vakia 


cz 


Czech Rqxiblic 


DE 


Gcnnany 


DK 


Denmark 


£S 


Spain 


FI 


Finland 


FR 


France 


GA 


Gabon 



to the PCX on the fixmt pages 



GB 


United Kingdom 


GE 


Geocgia 


GN 


Guinea 


GR 


Greece 


HXJ 


Hungaiy 


IE 


Ireland 


IT 


Ualy 


JP 


Japan 


KE 


Kenya 


KG 


Kyrgystan 


KF 


Dcmocnuic People's Republic 




of Korea 


ICR 


Republic of Korea 


KZ 


Kazakhstan 


U 


Liechtenstein 


LK 


Sri Lanka 


LU 


Luxembourg 


LV 


Latvia 


MC 


Monaco 


MD 


Republic of Moldova 


MG 


Madagascar 


ML 


Mali 


MN 


Mongolia 



pamphlets publishing international 



MR 


Mauritania 


M^' 


Malawi 


NE 


Niger 


NL 


Netherlands 


NO 


Norway 


NZ 


New Zealand 


PL 


Poland 


PT 


Portugal 


RO 


Romania 


RU 


Russian Federation 


SD 


Sudan 


SE 


Sweden 


SI 


Slovenia 


SK 


Slovakia 


SN 


Senegal 


TD 


Chad 


TG 


Togo 


TJ 


Tajikistan 


TT 


Trinidad and Tobago 


UA 


Ukraine 


US 


United States of America 


UZ 


Uzbekistan 


VN 


Viet Nam 



wo 96/19440 



PCT/GB95/02978 



10 



15 



20 



25 



Ac.Uj,d,„e derivatives «d their use as ,„h,bUors for the „Ur,c .x.de 

«»-py. m panicuto toi. „sc as selective uUUbi»„ „, ^^j^ oxide symhase. 

I. has been taown sbce U« early ,980's U., ^ vasc„br reUxaUon b™„gh, abou, 
b, acemchohne is depended o„ *e prese^e of me e„doU,e.i„.„ a«d *is acivily 
w. ascnbed .o a labile hu.„„, e„do«,e,i™^ved „,a.i,g fae J 

IT ^r"'" " ' ^"^"-^ >«" -W" ror 

w ovenoo years and NO is me ac«ve eo^ of an.y.„i^. 

glyceiyltnnimte and other niimvasodilam,^ n. 

er niirovasodilators. Tlie recent idemificaUon of EDRF 

as NO has coincided wim u>e discovery of a biochenncal pam„ay by which NO 
synmesrsed fiom *e an,i„o acid L-argi„i„e by ^ e„zyn,e NO symhase. 

NO is me endogenous sdm„,au,r of me soluble gua„yla>e cyclase enzyme and is 
-oived ,„ a number of biological actions in addirion ,o endomeliun-dependen, 

relaxa„on„«l„dingcy,otoxici.y„fphagocy,icce,.sandceu-.o-celiconnnnnica.io„ 
.n me central nervous sys»n (see Moncada e. ai. Biochemical Phanna«,logy. 38 

0991)). It .s now mought ma. excess NO p^iucUon n«y be involved in a 
nutnber of conditions, panicuiarly conditions which involve systemic hypote^ion 
«.ch as septic (toxic) shock and aetapy wim cemin cytokines. 

The synmesis o, NO from L-argini„e can be inhibited by me L-arginine analogue 
NG_emyl.L.a.gi™„e <L-NMMA). and me merapeutic use of L-NMMA for 
me tt^atmen. of septic <t„xic, shock and omer types of systemic hypotension has 
been proposed rWO 91,04024 and GB-A-224(X)4I,. The metapeutic use of certain 
omer NO synmase inhibitors apart ftom L-NMMA for me same purpose has also 
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been proposed in WO 91/04024 and in EP-A-0446699. 

it has recently become apparent that there are at least three isoenzymes of NO 
synthase (reviewed in Knowles and Moncada. Biochem. J. (1994) 298, 249-258) 
5 as follows: 

(i) a constitutive, Ca+ + /calmodulin dependent enzyme (eNOS) which is present 
in vascular endothelial cells, and that releases NO in response to receptor or 
physical stimulation. 

10 

(ii) a constitutive, Ca++ /calmodulin dependent enzyme (nNOS), located in the 
brain and some peripheral nervous systems, that releases NO in response to 
receptor or physical stimulation. 

15 (iii) a Ca++ independent enzyme (iNOS) which is induced after activation of 
vascular smooth muscle, macrophages, endothelial cells, and a number of other 
cells by endotoxin and cytokines. Once expressed, this inducible NO synthase 
synthesises NO for long periods. 

20 The NO released by eNOS and nNOS acts as a transduction mechanism underlying 
several physiological responses. The NO produced by iNOS acts as a cytotoxic 
molecule for mmour cells and invading micro-organisms. It also appears that the 
adverse effects of excess NO production, in panicular pathological vasodilatation 
and tissue damage, may result largely from the effects of NO synthesised by iNOS. 

25 

The NO synthase inhibitors proposed for therapeutic use so far, such as L-NMMA 
and nitroarginine, are non-selective in that they inhibit all the NO synthase 
isoenzymes. Use of such a non-selective NO synthase inhibitor requires that great 
care is taken in order to avoid the potentially serious consequences of 
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15 



over-inhibition of the eNOS including hypenension and possible thrombosis and 
tissue damage. In particular, in the case of the dierapeutic use of L-NMMA for 
Che treatment of septic and/or toxic shock h has been recommended that the patient 
must be subject to continuous blood pressure monitoring throughout the treamient. 
Thus, whilst non-selective NO synthase mhibitors have therapeutic utility provided 
that appropriate precautions are taken. NO synthase inhibitors which are selective 
in the sense that they inhibit iNOS or nNOS to a considerably greater extent than 
eNOS would be of even greater therapeutic benefit and much easier to use. 

We have found that a class of acctamidine derivatives are inhibitors of NO 
synthase, and are useful in the treatment of systemic hypotension, and in particular 
the treatment of septic shock. In addition these compounds show a marked 
selectivity of one of the isoenzyme with litUe or no inhibition of the other 
isoenzymes. 

Accordingly, the present invention provides an acetamidine derivative of formula 

a) 



Ria 



20 




NH 



25 



or a salt thereof, wherein 



R' is hydrogen, a C.^ hydrocarbyl group optionally substituted by halo. halo, 
nitro, cyano or a group XR^ wherein X is oxygen. C(0)„ wherein m is 1 or 2. 
S(0)„ wherein n is 0. 1 or 2. or a group NR* wherein R" is hydrogen or C..^ alkyl: 
and R' is hydrogen. alkyl, or a group NR^R" wherein R^ and R" are 
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independently hydrogen or C,^ alkyl, provided that is not NR*R* when X is 
oxygen or S(0)„; 

R'» and R'" are independently selected from hydrogen or halo; 

5 

R2 is a C,.,4 hydrocarbyl group which may optionally contain one or two 
heteroatoms, the group R^ being optionally substituted by one or more groups 
independently selected from halo; N3; nitro; CFj; ZR' wherein Z is oxygen, C(0)„. 
wherein m' is 1 or 2. S(0)„. wherein n' is 0. 1 or 2, or a group NR« wherein R* 
10 is hydrogen or C,^ alkyl and R' is hydrogen, alkyl or a group NR»R'° wherein 
R' and R" are independentty hydrogen or C,^ alkyl; or R^ is substituted by a 
group 

H 

NH 

15 

wherein R" has a definition the same as for R'; 

with the proviso that when R' is a C,^ alkyl group and R^ is a C,.,4 hydrocarbyl 
20 substimted by two groups ZR' wherein one group ZR^ is COjH, the other group 
ZR' is not NH2. 

In preferred embodiments, R' is hydrogen, a C,^ hydrocarbyl group optionally 
substimted by halo, halo, nitro, cyano or a group XR' wherein X is oxygen, C(0)„ 
25 wherein m is 1 or 2, S(0)„ wherein n is 0, 1 or 2, or a group NR^ wherein R" is 
hydrogen or C,^ alkyl; and R' is hydrogen, alkyl, or a group NR'R* wherein 
R* and R' are independently hydrogen or C,^ alkyl, provided that R' is not NR^R' 
when X is oxygen or S(0)„; and/or 



wo 96/19440 



PCT/CB95/02978 



10 



and R'" arc independently selected from hydrogen or halo; and/or 

is a C,.,4 hydrocarbyl group which may optionally contain one or two 
heteroatoms, die group R^ being optionally substimted by one or two groups which 
may be the same or different, and are selected from halo; ZR' wherein Z is 
oxygen. C(0)„. wherein m' is 1 or 2, S(0)„. wherein n' is 0, 1 or 2. or a group 
NR" wherein R« is hydrogen or C,^ alkyl and R' is hydrogen. C,^ alkyl or a group 
NR'R'" wherein R' and R'" are independently hydrogen or C,^ alkyl; or R^ is 
substituted by a group 



H 



NH 



wherein R" has a definition the same as for R'; 

15 

widi the proviso that when R' is a C,^ alkyl group and R^ is a C,.„ hydrocarbyl 
substituted by two groups ZR^ wherein one group ZR^ is CO,H, the other group 
ZR^ is not NH,. 



20 Suitably. R' is hydrogen. C,^ alkyl. halo, nitro. NR^R^ or SR^ wherein R^ and R* 
is as hereinbefore defined. 

Suitably, R^ is a C,.g hydrocarbyl group optionally containing one or two 
heteroatoms. each group R^ being optionally substituted by one group ZR' wherein 
25 Z and R^ are as hereinbefore defined, or a group 

NH 

wherein R'- is fluoro. hydrogen or NH,. 
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Preferably R' is hydrogen, halo (for example fluoro) or NH, 
Preferably R'^ and R**" are independently hydrogen or fluoro. 
Preferably R^ is a group 



10 or 



NH 



15 wherein p, q and r are independently 0, 1 or 2 and R*^ is as hereinbefore defined. 

One embodiment of the present invention provides a compound of formula (lA) 



^ (lA) 
NH 



wherein R'. R'» and R"" are as hereinbefore defined, and R" is a C,.,3 hydrocarbyl 
25 group which may optionally contain one or two heteroatoms, the group R" being 

optionally substituted by one or two groups which may be the same or different, 
and are selected from halo, ZR^ or a group 



NH 
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wherein Z. and R" are as hereinbefore defined. 

A second aspect of the present invention provides a compound of formula (IB) 



^ NH 



10 wherein R', R'» and R'" are as hereinbefore defined, and R»* 



represents one or two 



^ or a group 



substituents on the phenyl ring independently selected from halo. ZR 

NH 



Wherein Z, R' and R" are as hereinbefore defined, or R'* is a C.., hydrocarbyl 
group optionally containing one or two heteroatoms. and optionally substituted by 
one or two groups which may be the same or different, and are selected from halo, 
ZR' or a group 

NH 

Wherein Z, R' and R" are as hereinbefore defined. 



25 



a third aspect the invention provides a compound of the formula IC: 
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Rla 



,NH Rl5— Y 



Rl If 
NH 



wherein R** and R'** are as hereinbefore defined; 

10 R*^ is a bond or CH. ; and 

Y is C,^ hydrocarbyl group, phenyl, indanyl or a 5-10 membered heterocyclic 
group containing 1 or 2 heteroatoms independently selected from O, N, and S; 

15 wherein Y is optionally substituted by one or more groups independently selected 
from halo, amino, cyano, nitro, hydroxy, C,^ hydrocarbyl optionally substituted 
by hydroxy, Ci^ alkoxy, C,^ thioalkyl, CF3, N3, a group: 



wherein n is as hereinbefore defined, C(0)m B or S(0)„.B wherein m' and n' are 
as hereinbefore defined and B is amino or Cj^ alkyl , a group: 



25 
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<CH2)n— NH 



Wherein n is as hereinbefore defined and D and E are independently hydrogen 
hydroxy, amino, C., alJcyl. -CNHCH3. -WBu, or a 5-10 membered 

heterocyclic group containing 1 or 2 heteroatoms independently selected from O. 
N or S. a group: 

> -(CHA-NH-(CHj)„.-F 

wherein n and n' are as hereinbefore defined and F is phenyl, or a 5- or 6- 
membered heterocyclic group containing 1 or 2 heteroatoms selected from O.N and 
S optionally substituted by 



.CH3 



.NH 



a group: 

-(CHA-G 

wherein n is as hereinbefore defined and G is -CO,H. -CO,C,^ alkyl or a 5-10 
membered heterocyclic group containing 1 or 2 heteroatoms independently selected 
from O. N or S optionally substituted by amino, CNHNH, and CH,SCNHNH,. 

In a preferred embodiment of this aspect of the invention a compound of the 
formula IC is provided wherein: 



is a bond or CH,; 
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Y is hydrocarbyl, phenyl, indanyl or a 5-10 membered heterocyclic group 
containing 1 or 2 heteroatoms independently selected from O, N or S; 

wherein Y is optionally substituted by one or more groups independently selected 
from halo, amino, cyano, nitro, hydroxy, Cj^ hydrocarbyl optionally substimted 
by hydroxy, thioalkyl, a group: 



— (CKz)„ NH 



Y 



CH3 



Wherein n is as hereinbefore defined, C(0)^ B or S(0)„.B wherein m' and n' are 
as hereinbefore defined and B is amino or C,^ alkyl, a group: 



(CH2)r 



■NH 



wherein n is as hereinbefore defined and D and E are independently hydrogen, 
hydroxy, amino, Cj^ alkyl, -CNHCH3, -COVBu, or a 5-10 membered heterocyclic 
group containing 1 or 2 heteroatoms independently selected from O, N or S, a 
group: 

-(CH,VNH-{CH,)„.-F 

wherein n and n' are as as hereinbefore defined and F is phenyl, or a 5- or 6- 
membered heterocyclic group containing 1 or 2 heteroatoms selected from 0,N and 
S optionally substituted by 
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— (CHjJn — KH 



a group: 



10 



15 



wherein n is as hereinbefore defined and G is a 5-10 membered heterocyclic group 
containing 1 or 2 heteroatoms independenUy selected from O, N or S optionally 
substinited by amino, CNHNH, and CHjSCNHNH,. 

In a particularly preferred embodiment of this aspect of the invention the invention 
provides a compound of the formula IC wherein: 

R'* is a bond or CH,: 



Y is C,^ hydrocarbyl, phenyl, indanyl or a 5-10 membered heterocychc group 
containing 1 or 2 heteroatoms independently selected from 0. N or S; 

wherein Y is optionally substimted by one or more groups independently selected 
from amino. C,^ hydrocarbyl optionally substituted by hydroxy, a group: 



25 



— (CH2)„ HH 



.C"3 



wherein n is as hereinbefore defined, a group: 
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(CH2)^NH 



5 

wherein n is as hereinbefore defined and D and E are independently hydrogen, 
hydroxy, amino, C,^ alkyl. -CNHCHj, or a 5-10 membered heterocyclic group 
containing 1 or 2 heteroatonis independently selected from O, N or S, a group: 

10 -(CHA-NH-(CHj)..-F 

wherein n and n* are as hereinbefore defined and F is phenyl, or a 5- or 6- 
membered heterocyclic group containing 1 or 2 heteroaioms selected from O.N and 
S optionally substimted by 



15 



-(eH2)„_KH 



NH 



20 a group: 

-(CH^VG 

wherein n is as hereinbefore defined and G is a 5-10 membered heterocyclic group 
containing I or 2 heteroatoms independently selected from O, N or S, CNHNH^ 
25 and CH.SCNHNH.. 



A preferred group of compounds within formula (IC) are those where R^* is a 
bond. Such compounds are selective inhibitors of the neuronal NOS. Particularly 
preferred compounds within this sub-group are those where Y is optionally 
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substituted phenyl or a optionally substituted 5-10 membered heterocyclic group 
containing 1 or 2 heteroatoms independently selected from O. N or S. Examples 
of such compounds include: 

5 N-(3-(HydroxymethyI)phenyl)Acetamidine: 
N-(3-(Aminomethyl)phenyl)acetamidine; 

N-(3-((1.2.3.4-tetrahydroisoquinol-2-yl)methyl)phenyl)-acetamidine; 
N-(3-((Methylamino)methyl)phenyl)aceiamidine; 

N-(Dimethylamino)methyl)phenyl)acetamidine; 

10 N-(3-Morpholinomethyl)phenyl)acetamidine; 

N-(3-(Aminomethyl)phenyl)-2-fluoroacetamidine: 

N-(3-(2-Aminoethyl)phenyl)acetamidine;and 

N-(l .2,3 ,4-Tetrahydroisoquinolin-7-yl)acetamidine; 

15 and salts thereof. 



A second preferred group of compounds within formula aO are those where R" 
IS -CH,-. This group of compounds are selective inhibitors of the inducible NOS 
Panicularly preferred compounds within this subgroup are those where Y is 
optionally substimted phenyl, indanyl or a optionally substimted 5-10 membered 
heterocyclic group containing 1 or 2 heteroatoms independently selected from O, 
N or S. Examples of such compounds include: 



20 



25 



IS 



N-(3-(aminomethyl)ben2yl)acetamidine; 

N-(4-(aminomethyI)ben2yl)aceiamidine; 

N-(3-(Aminomethyl)benzyl)-2-nuoroacetamidine; 

N-(3-(Aminomethyl)benzyl)-2-aminoacetamidine: 

N-[[6-(Aminomethyl)-2-pyridyl]methyl]acetamidine; 

N-(3-(AminomediyI)benzyl)-2,2,2-trifluoroaceiaraidine; 
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N-((l H-Inda20l-6-yl)methyl)aceiamidine; and 
N-((3-Amino-5-indanyl)methyl)acetamidine; 

and salts thereof, 

5 

Especially preferred compounds within this group include: 

N-(3-(aniinomethyl)benzyl)acetamidine; 
N-(4-(aminomethyl)benzyI)acetamidine; 
10 N-(3-(Aminomethyl)ben2yl)-2-fluoroacetamidine; 
N"(3-(Aminomethyl)ben2yl)-2-aminoacetamidine; 
N-([6-(Aminomethyl)-2-pyridyllmethyI]acetamidine; 
N-(( lH-Indazol-6-yl)methyl)acetainidine; and 
N-((3-Amino-5-indanyl)methyl)acetamidine; 

15 

and salts thereof. 

Preferred compounds of formula (I) or (IC) include: 

20 N-(3-(aminomethyl)benzyl)aceumidine; 

N-(3"(aminomethyl)benzyl)-2-fluoroacetamidine; 

N-(4-(aminomethyl)benzyl)acetamidine; 

N-(4-aminobutyl)acetamidine; 

N-(5-aminopentyl)acetamidine; 
25 N-(6-aminohexyl)acetamidine ; 

N-(7-aminoheptyl)aceiamidine; 

N,N'-{U3-phenylenebis (methylene))bis(acetamidine); 

N,N'-(1 ,4-phenylenebis (methylene))bis(acetamidine); 

N,N'-{1 ,3-phenylene (diethylene))bis(aceiamidine); 
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N,N'-(1.4-phenylene(diethylene))bis(acetamidine); 

N-(3-(aminomethyl)ben2yl)-2-methoxyacetamidinc; 

2-Araino-N-(3-(aminomethyl)ben2yl)acetainidine; 

N-(3-{hydroxymethyi)phenyI)acetamidine; 

N-(3-(aminomethyl)phenyI)acetamidine; 

N-(3-(Ammomethyl)phenyl)acetamidine; 

N-(3-(Aminomethyl)phenyI)-2-fluoroacetamidine;and 
N-((3-Amino-5-indanyl)methyl)acetamidinc 



10 and salts thereof. 



Especially preferred compounds include N-(3-(aminomethyObenzyl)acetamidine- 

N-(3-(ammomethyl)benzyl)-2-fluoroacetamidine; 

N-{3-(Aminomethyl)phenyl)acetamidiiie: 

N-(3-(Aminomethyl)phenyl)-2-nuoroacetamidine;and 
N-((3-Aniino-5-indanyl)methyl)acetamidine 



and salts thereof. 

By the tenn "hydrocarbyP is meant a group containing only hydrogen and carbon 
atoms, and may contain double and/or triple bonds and which may be straight, 
branched, cyclic or aromatic in nature. 

The term "heteroatom" has the meaning known to one skilled in the an and 
mcludes nitrogen, oxygen and sulphur atoms. 

By the term "halo" is meant fluoro, chloro, bromo, or iodo, and preferably fluoro. 
The compounds of formula (I) may include a number of asymmetric centres in the 
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molecule depending on the precise meaning of the various groups, and formula (I) 
is intended to include all possible isomers. 

As hereinbefore mentioned, the compounds of formula (I) have activity as 
5 inhibitors of NO synthase and accordingly a further aspect of the present invention 
provides a compound of formula (I) for use in medicine. 

A yet further aspect provides the use of a compound of the invention in the 
manufacmre of a medicament for the treatment of a condition requiring inhibition 
10 of NO synthase. More specifically » there is provided the use of a compound of the 
invention for the manufacture of a medicament for the treatment of a condition 
where there is an advantage in inhibiting an NO synthase isoenzyme with little or 
no inhibition of the other isoenzymes. 

15 In another aspect, the present invention provides a method of treating a condition 
requiring inhibition of NO synthase, in particular the inhibition of one NO 
synthase isoenzyme with linle or no inhibition of the other isoenzymes, comprising 
administering to a mammal in need thereof an effective amount of a compound of 
the invention or a pharmaceutically acceptable salt thereof. 

20 

In a further aspect, there is provided the use of a compound of the invention or salt 
thereof in the manufacture of a medicament for the treatment of shock states 
resulting from overproduction of NO by iNOS such as septic shock, or shock 
caused by fulminant hepatic failure or by therapy with cytokines such as TNF, 
25 IL-1 and IL-2 or therapy with cytokine-inducing agents, for example 5, 
6-d'unethylxanthenone acetic acid. 



Other conditions where there is an advantage in selectively inhibiting iNOS include 
a wide range of auto-immune and/or inflanunatory diseases, such as those of the 
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10 



15 



25 



jomt (e.g. rheumatoid arthritis, osteoarthriUs). of the gastrointestinal tract (e g 
Ulcerative colitis and other inflammatory bowel diseases, gastritis and mucosal 
inflammation resulting from infection), of the lung (adult respiratory distress 
syndrome, asthma), of the heart (myocarditis), of the nervous tissue (e.g. multiple 
sclerosis), of the pancr«»s (e.g. diabetes melitus). of the kidney (e g 
glomerulonephritis), of the skin (e.g. dermatitis, psoriasis, urticaria) as well as of 
transplanted organs (rejection) and multi-organ diseases (e.g. systemic lupus 
erythematosis). Furthermore there is evidence for overproduction of NO by iNOS 
in atherosclerosis, -merefore, a yet further aspect of the presem invention provides 
the use of a compound of formula (1) or salt thereof in the manufacnire of a 
medicament for use in treating the above conditions. 



Inhibition of neuronal NOS is of benefit in the treamiem of diseases of the nervous 
system due to over production of NO by this isoenzyme, particularly the tieamiem 
of cerebral ischemia. Other diseases include CNS trauma, epilepsy. AIDS 
dementia, chronic neurodegenerative disease and chronic pain, and conditions m 
which non-adrenergic non-cholinergic nerve may be implicated such as priapism, 
obesity and hyperphagia. Accordingly the presem invention also provides the use 
of a compound of formula (I) or a salt thereof in the manufacture of a medicament 
20 for use in treating the above conditions. 

Furtheimore inhibition of NO synthase may be of advantage in preventing the 
lymphocyte loss associated with HIV infection, and in reducing mmour growth and 

metastasis. 



Inhibition of both iNOS and nNOS may be of benefit in the treamiem of certain 
conditions where both isoenzymes play a role, for example CNS conditions such 
as cerebral ischemia. 



wo 96/19440 



PCT/GB95/0297S 



18 

As used herein, reference to "treatment" of a patient is intended to include 
prophylaxis: the term "mammar' is intended to include a human or an animal. 

The present invention includes compounds of formula (I) in the form of salts, in 
5 particular acid addition salts. Suitable salts include those formed with both organic 
and inorganic acids. Such acid addition salts will normally be pharmaceutically 
acceptable although salts of non-pharmaceutically acceptable salts may be of utility 
in the preparation and purification of the compound in question. Thus, preferred 
salts include those formed from hydrochloric, hydrobromic, sulphuric, citric, 
10 tartaric, phosphoric, lactic, pyruvic, acetic, trifluoroacetic, succinic, oxalic, 
fumaric, maleic, oxaloacetic, methanesuipbonic, ethanesulphonic, 
p-toluenesulphonic, benzenesulphonic and isethionic acids. Salts of compounds of 
formula (I) can be made by reacting the appropriate compound in the form of the 
free base with the appropriate acid. 

15 

Whilst it may be possible for the compounds of the present invention to be 
administered as the raw chemical, it is preferable to present them as a 
pharmaceutical formulation. According to a further aspect, the present invention 
provides a pharmaceutical formulation comprising a compound of formula (I) or 
20 a pharmaceutically acceptable salt or solvate thereof, together with one or more 
pharmaceutically acceptable carriers therefor and optionally one or more other 
therapeutic ingredients, for example an antibiotic, and/or a volume replacement 
liquid. The carrier(s) must be "acceptable" in the sense of being compatible with 
the other ingredients of the formulation and not deleterious to the recipient thereof. 

25 

The formulations include those suitable for oral, parenteral (including 
subcutaneous, intradermal, intramuscular, intravenous and intraarticular), rectal 
and topical (including dermal, buccal, sublingual and intraocular) administration 
although the most suitable route may depend upon for example the condition and 
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disorder Of the recipient. The formulations may conveniently be presented in unit 
dosage fonn and may be prepared by any of the methods well known in the ait of 
pharmacy. All methods include the step of bringing into association a compound 
of formula (I) or a pharmaceutically acceptable sah or solvate thereof ("active 
mgredienf) with the carrier which constitutes one or more accessory ingredients 
In general the formulations are prepared by unifomily and intimately bringing into 
association the active ingredient with liquid carrieis or fmely divided solid carriers 
or both and then, if necessary shaping the product into the desired formulation. 

Formulations of the present invention suitable for oral administration may be 
presented as discrete units such as capsules, cachets or tablets each containing a 
predetermined amoum of the active ingrediem; as a powder or granules; as a 
solution or a suspension in an aqueous liquid or a non-aqueous liquid; or as an 
oil-m-water liquid emulsion or a water-in-oil liquid emulsion. Hie active 
ingredient may also be presented as a bolus, electuary or paste. 

A tablet may be made by compression or moulding, optionally with one or more 
accessoiy ingredients. Compressed tablets may be prepared by compressing in a 
suitable machine the active ingrediem in a free-Howing form such as a powder or 
granules, optionally mixed with a binder, lubricant, inen dUuent, lubricating, 
surface active or dispersing agent. Moulded tablets may be made by moulding in 
a suitable machine a mixmre of the powdered compound moistened with an inert 
liquid diluem. The tablets may optionally be coated or scored and may be 
formulated so as to provide slow or controlled release of the active ingredient 



Fonnulations for parenteral administration include aqueous and non-aqueous sterile 
injection solutions which may contain anti-oxidants. buffers, bacteriostats and 
solutes which render the fonnulation isotonic with the blood of the intended 
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recipient; and aqueous and non-aqueous sterile suspensions which may include 
suspending agents and thickening agents. The fonnulations may be presented in 
unit-dose or multi-dose containers, for example sealed ampoules and vials, and 
may be stored in a frecze-dried (lyophilised) condition requiring only the addition 
5 of the sterile liquid carrier, for example, saline, water-for-injection, immediately 
prior to use. Alternatively, the formulations may be presented for continuous 
infusion. 

Extemporaneous injection solutions and suspensions may be prepared from sterile 
10 powders, granules and tablets of the kind previously described. 

Formulations for rectal administration may be presented as a suppository with the 
usual carriers such as cocoa butter or polyethylene glycol. 

15 Formulations for topical administration in the mouth, for example buccally or 
sublingually, include lozenges comprismg the active ingredient in a flavoured basis 
such as sucrose and acacia or tragacanth, and pastilles comprising the active 
ingredient in a basis such as gelatin and glycerine or sucrose and acacia. 

20 Preferred unit dosage formulations are those containing an effective dose, as herein 
below recited, or an appropriate fraction thereof, of the active ingredient. 

It should be understood that in addition to the ingredients particularly mentioned 
above, the formulations of this invention may include other agents conventional in 
25 the art having regard to the type of formulation in question, for example those 

suitable for oral administration may include flavouring agents. 

For each of the aforementioned conditions, the compounds of the invention may 
be administered orally or via injection at a dose of from 0. 1 to 250mg/kg per day. 
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■n. dose ™ge for aduit humam is generally ftom 5mg ,„ 17.5g/day, preferably 
5mg ,0 2g/day and ™« p^ferably .tog ,„ .^p,^ j^^^^^ _^ 

oOO,„g/day. Tablels or od«r fo^s „, preseraation p^vided in discrete uoi« may 
conveniemly contain an amount of conipound of the invention wltich is effective 
at such dosage or as . multiple of the s«ne. for instance, units containing 5mg to 
500mg. usually around lOmg to ZOOmg. 

The compounds of fonmtU 0) are preferably administered orally or by injecUon 
(mtravenous or subcutaneous). The precise amount of compound administcted to 
a patient will be the responsibility of d,e attendant physician. However Ute dose 
employed wUI depend on a number of factots, including the age and sex of the 
pattern, the precise disorder being treated, and its severity. Also the ,x,ute of 
admimstration may vary depending on condition and its severity. 

15 Certain compounds of formula (1) are novel, and accordingly a further of 
the present inve^ion provides a process for die preparation of a compound of 
formula (I) as hereinbefore defined. 

Thus, compounds of fonnula (I) or protected derivatives thereof may be prepared 
20 by the reaction of an amine of fonnula (II) 

or a protected derivative thereof wherein is as hereinbefore defined, with a 
l-benzylthioethaniminium derivative of formula (III) 

25 
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wherein R\ R** and R*** are as hereinbefore defined followed by deprotection if 
necessary. The reaction may be carried out in a polar solvent, for example a 
alkanol such as ethanol at a non-extreme temperature of from -20'*C to lOO'^C such 
as 0°C. The 1-benzylthioethaniminium derivative of formula (III) is suiubly a 
5 halide derivative, preferably a chloride or bromide. Deprotection may be carried 
out by methods well known to those skilled in the art, for example by methods 
described in Greene, T. W.; Wuts, P.G.M. (1991) Protective Groups in Organic 
Synthesis, p 327 - 330, John Wiley, New York. 

10 Compounds of formula (III) may be prepared by the S-alkylation of thioamide 
compounds of formula (IV) 

15 

wherein R\ R*' and R^** are as hereinbefore defined with benzyl bromide or 
chloride as described previously (Takido, Y., Itabashi, K. Synthesis 1987, p 
817-819), The reaction may be carried out in a solvent such as chloroform at 
20 non-extreme temperamres of from 0**C to 200**C, such as refluxing chloroform. 

Compounds of formula (11) and (IV) are commercially available or may be 
prepared by methods known to a person skilled in the art. 

25 Where Y is an indanyl group, the following synthetic schemes can be used for the 

preparation of such compounds: 
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KH 

Reagents: (a) EtOH, H,/Pd/C; (b) NaNO, then CuCN; (c) pridine, BnONH, HCl- 
(d) BH3.THF; (e) EtOH. 20-C; (f) (BOCVO. MeOH/CftCl,, a3N; (g)HCI. 
Dioxane. 



Half' 



Reagents: (a) EtOH, H^/Pd/C; (b) pyridine, BnONH,.HCl; (c) BH3.THF- (d) 
(BOC),-0, MeOH/CH^CU. Et3N; (e) EtOH, 20-C; (f) HBr/ AcOH. 

An additional method for the preparation of compounds of the invention involves 
the conversion of an azide into an amidine utilising a one-pot method involving 
triphenylphosphine reduction followed by in situ amidination of the intermediate 
amine. A further refinement of the method involves the use of polymer-supported 
triphenylphosphine. the byproduct oxide of which can be readily filtered from the 
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reaction mixture. 

Preferred features of each aspect of the invention are as for each other aspect, 
mutatis mutandis, 

5 

The present invention will now be described by way of example only:- 
Intermediate A 

10 Preparation of S-Benzvlthioacetimidate Hydrochloride (Takido, Y.; Itabashi, 
K. Synthesis 1987, p 817-819) 

A solution of thioacetamide (60.0 g) and 91.9 ml benzyl chloride in 600 ml 
chloroform was stirred at reflux for 14 h. Upon cooling to O^C, the white solids 
15 were collected via filtration and dried in vacuo to yield 101 g of a white solid. 
Dilution of the filtrate with 400 ml Et^O and filtration provided an additional 46 
g of a pale yellow solid, NMR (300 MHz, DMSO) 8 7.5-7.3 (m, 5H), 4,66 (s, 
2H), 2.67 (s,3H). 

20 The following intermediates were prepared by an analogous method: 

B S-Benzylthioacetimidate Hydrobrotnide: from thioacetamide and benzyl 
bromide, *H NMR (200 MHz, DMSO) 5 2.65 (3H, s), 4.63 (2H, s), 7,51-7.31 
(5H, m). 

25 

C S-(2-Naphthy lmethyl)thioacetimidateHy drobromide : from thioacetamide 
and 2-(bromomethyl)naphthalene, *H NMR (200 MHz, DMSO) 5 11.9 (br s, IH), 
8.04-7,92 (m, 4H), 7,6-7.55 (m. 3H), 4.8 (s, 2H), 2,68 (s,3H). 
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D S-Ben2yl.2.fJuorothioacetiraidate Hydrobromide: from 
fluorothioacetamide and benzyl bromide. 'H NMR (300 MHz. DMSO) 6 
7.5-7.3 (m, 5H), 4.66 (s. 2H). 2.67 (s.BH). 

5 E S-(2.Naphthylmethyl).2.fluorothioacetiinidate Hydrobromide: from 
fluorodiioacetamide and 2-(bromomethyl)naphthalene. «H NMR (200 MHz 
DMSO) 5 7.91-7.82 (m. 4H). 7.65-7.48 (m, 3H). 4.73 (d. J = 47.2 Hz, 2H) 3 9 
(S.3H). 

10 F S-(2.Naphthylmethyl)-2,2-difluorothioacetimidateHydrobromide: from 
difluorothioacetamide and 2-(bromometliyl)naphthalene. (Cmde) 

G S-Benzyl-2.niethoxythioacetimidate Hydrobromide: from 
2-methoxy-Uiioacetamide and benzyl bromide. 'H NMR (200 MHz, DMSO) d 
15 3.^: (3R,s), 4.61 (2H,s), 4.67 (2H, s). 7.44 (5H, m). 

H S.(2.Napl,thyiraethyI).2.(thiometliyl)thioacetimidate Hydrobromide: 
from 2-(thiomethyl)tiiioacetamide and 2-(bromomethyl)naphdialenc. 'H NMR 
(200MH2, DMSO; D20) S 2.09 (3H, s), 3.89 (2H.s), 4.67 (2H. s) 7 91-7 44 
20 (7H, m). 

I S-Benzyl.2-tertbutylcarbamoylthioacetimidate Hydrobromide: from 
2-(ten-butylcarbamoyl)thioacetamide and benzyl bromide. 'H NMR (200 
MHz,DMSO) 5 1.40 (9H. s), 4.27 (2H, d), 4.56 (2H. s). 7.42 (5H, m). 7.79 (IH 
25 t). 

J S-Benzylthiopropionimidate Hydrobromide: from benzyl bromide and 
thiopropionamide. 'H NMR (400 MHz, DMSO) 6 7.46-7.32 (ra, 5H), 4.59 
(S.2H). 2.83 (d, J = 7.5 Hz, 2H), 1.21 (t, J = 7.5 Hz, 3H). 
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Example 1 

Preparation of N-(3«(aminotnethvl)ben2vl)acetainidine 

Preparation of Intermediate fgr7-butvl-N-f3-faminomethvn benzvDcarbamate 

10 g (73.42 nunol) of m-xylenediamine was added to 5.1 ml {36.71 mraol) of 

5 triethylamine and 200 ml of anhydrous methanol. To this solution at 0 oC was 
added dropwisc over 60 minutes a solution of 8.0 g (36.71 mmol) of 
di-rm-butyldicarbonate in 60 mL of tctrahyrofiiran (anhydrous). The solution was 
stirred an additional two hours at 0 o C» filtered, and concentrated to dryness. The 
crude material was purified by silica gel chromatography (230^00 mesh silica gel, 

10 250 g). The column was initially eluted with 20% methanol in methylene chloride, 
then methylene chloride. The crude product was then loaded onto the column and 
eluted with methanol/ methylene chloride/ anmionium hydroxide ( 5/95/0.5 to 
15/85/0.5). Product fractions were concentrated to yield 5.28 g (30%) of a thick, 
viscous yellow oil. TLC: 10% methanol in methylene chloride (0.5% ammonium 

15 hydroxide) on silica gel, Rf = 0.7. Mass Spectrum (CI) 237, 1 (MH*, 100%), 

NMR (200 MHz, CDC13) 8 7.35-7.15 (m, 4H), 4.9 (br. s, IH), 4.3 (m, 2H), 3.85 
(m, 2H), 1.6 (s, 3H). 

Amidine Synthesis: Preparation of Intermediate ter(-h\xi\l 

20 N-f3-((acetimidovnaminomethvl>ben2vn'Carbamatc 

To a solution of 2.6 g (11.0 nmiol) rm-butyl N-(3-(aminomethyl) benzyl 
carbamate in 25 ml of absolute ethanol at 0 o C was added 2,22 g (11.0 mmol) of 
intermediate A. The solution was stirred for three hours and concentrated to 
dryness. The residue was partitioned between ether (100 ml) and water (100 ml), 

25 The aqueous was extracted with ether (50 ml) and freeze-dried to yield 3.28 g 
(95%) of white solid carbamate hydrochloride as product. *H NMR (200 MHz, 
DMSO) 5 7.4-7.3 (m, IH), 7.24-7.16 (m, 3H), 4.46 (s, 2H), 4.13 (s, 2H), 2.21 
(s, 3H), 1.4 (s, 9H). Mass Spectrum (CI) 278.1 (MH*. 100%). 
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Deprotecrion of Tnr.rmnriiare .....K...y. y .n-./ a...;^;.^,.^ 
^.minbmethYl )ben7vl) -rarhamafA 

Solid /m-butyl N-(3-((acetiniidoyl)aminomethyI)benzyI)carbamate (3.0 g 9 6 
mmol) was suspended into 150 ml anhydrous dioxane. 4N Hydrochloric a^id in 
5 dioxane solution (20 ml) was added at 20»C. The mixture was stirred for 24 hour, 
at 20'C. After diluting with 200 ml ether, the white solids wer^ collected by 
filtration and dried under vacuum at lOO'C to yield 2.34 g (98%) of 
N-(3-(aminomctiiyl)ben2yI)- acetamidine. 'H NMR (200 MHz, D20) d 7.52-7 35 
(m. 4H). 4.49 (s, 2H), 4.16 (s. 2H). 2.25 (s. 3H). Mass Spectrum (CI) 177 9 
10 (MH\ 100%). 

Example 2 

Preparation of N-fl-f Aminomi^thvl)h.n^i|.^,fl„„,»^^,,,p,.^,„, 
To a solution of 14 g (59.24 mmol) /m-butyl N-(3-(aminomethyl) 
benzyDcarbamatc in 100 ml ethanol at OoC was added 18.8 g (71.1 mmol) of 
intermediate B. The solution was concentrated after 14 h to a tiiick oil, stirred 
vigorously, and 200 ml of ether was added. The residue that separates was washed 
several times with etiicr. The resulting solid was stirred in 250 ml of acetic acid 
and 25 ml of 30% HBr in acetic acid solution. After stirring 30 minutes, 500 ml 
of ether was added and die solids were collected by filtration and dried to yield 
21.55 g (100 %) of N-(3- (Aminomethyl)benzyl)-2-fluoroacetamidine as a white 
solid. A 2.0 g sample was recrystallized from MeOH/EtOAc to yield 1.43 g of a 
white solid. Mass spectrum (CI) 196.0 (MH^ 76 %). 'H NMR (200 MHz 
DMSO) 6 7.52-7.38 (m, 4H). 5.42 (d. J = 45.3 Hz. 2H), 4.6 (s, 2H). 4 07 (s 
25 2H). 

Example 3 

■Preparation of N-(4-(AminnmPthYi)benzvnaf«>fi.tn;H;n^ 

Prepared from ten-bmyl N-(4-(aminomethyl)benzyl carbamate and intermediate A 



15 



20 
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by the method of example 1 except that the crude deprotection product was 
freeze-dried from 25 ml water. Mass spectrum (CI) 178 (MH\ 100 %). 'H NMR 
(200 MHz, D20) 6 7.5-7.35 (m. 4H), 4.5 (s. 2H), 4.15 (s. 2H). 2.15 (s. 3H). 

5 Example 4 

Pre paration of N-(3-(Aminomethvl^benz vn-2-methoxvacetamidine 
The intermediate tert-h\ity\ N-(3-((2-methoxyacctimidoyl) 
aminomethyl)benzyl)-carbamate (360 mg) prepared from rcfT-butyl 
N-(3-(aminomethyl)bciizyl carbamate and intermediate G analogous to example 1 

10 was deprotected in trifluoroacetic acid at 20 o C for 16 h. The crude product was 
purified by C18 reverse phase chromatography eluting with water (0.1 % 
trifluoroacetic acid) to yield 150 mg of 
N-(3-(Aminomethyl)benzyl)-2-methoxyacetamidine as a yellowed, viscous oil 
(freeze-dried). Mass spectrum (CI) 208.0 (MH^, 100 %). 'H NMR (200 MHz, 

15 D20) 6 7.5-7.3 (m. 4H). 4.57 (s. 2H), 4.37 (s, 2H), 4.15 (s. 2H), 3.44 (s. 3H). 

Example 5 

Preparation of N-(3-(AminomethvnbenzYl>-2-ai ninoacetamidine 
Prepared from 430 mg of re/T-butyl N-(3-(aminomethyl)benzyl carbamate and 
20 intermediate I analogous to example 4. The freeze-dried fractions left 640 mg of 
a yellowed viscous oil. Mass spectmm (CI) 193.1 (MH*, 100 %). Capillary 
electrophoresis produced a single peak. 

Example 6 

25 Preparation of N-(4-AnMnobutvnacetamidine 

Prepared from 0.98 g (5.23 mmol) N-Boc-l,4-diaminobutane and intermediate B 
analagous to example 1. The product residue was purified by preparative reverse 
phase (CI 8) chromatography eluting with a methanol/ water/trifluoroacetic acid 
gradient (5/95/0.1 to 90/10/0.1) to yield 0.76 g of pale yellow 
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N-(4-aminobutyi)acetamidine. Capillary electrophoresis gave a single peak (50 mm 
X. 40 cm fused silica capillary, 5.5 minutes). Mass spectrum (CI) 130 0 (MH* 95 
%). »H NMR (300 MHz, D20) 6 3.15 (m, 2H). 2.89 (m. 2H). 2.08 (s. 3H) 
1.62-1.55 (m, 4H). 

Example 7 

Preparation of N-r,S-Amin oDentvl^flf«.^ gm;rf.«« 

Prepared from 0.97 g (4.8 mmol) N-Boc-l,5-diaminopentane analogous to example 
6. Capillary electrophoresis gave a single peak (50 mm x 40 cm fused silica 
capillary, 5.9 minutes). Mass spectnim (CD 144.0 (MH*, 100 %). 'H NMR (300 
MHz, D20) S 3.12 (m, 2H). 2.85 (m. 2H), 2.08 (s, 3H). 1.6-1.5 (m, 4H) 
1.35-1.25 (m, 2H). 



Example S 

Preparation of N-^UAminnhexynacemmiriin.. 

To a 0 o C stirred solution of 1.0 g (4.62 mmol) of N-Boc-l,6-diaminohexane in 
30 ml ethanol was added 0.86 g (4.62 mmol) of intermediate B. After two hours 
the solution was concentrated, diluted with water (50 ml), and extracted with ether 
twice. The aqueous phase was freeze-dried to yield 0.9 g of white sticky solid 
ten-butyl N-(6-((acetimidoyI) amino)hexyl)carbamatc intcnnediate. A suspension 
of the carbamate above (0.88 g. 3 mmol) in 15 ml dioxane and 7.5 ml 
trifluoroactic acid was treated with 10 ml (40 mmol) of 4N hydrochloric acid in 
dioxane solution with stirring overnight. The mixnire was diluted with ether (50 
ml) and the solids were isolated by filtration to provide 0.7 g 
N-(6-aminohexyl)acetamidine as a white solid (66 % yield from 
N-Boc-l,6-diaminohexane). M.F. = 163-164X. Mass spectrum (CI) 158.1 
(MH\ 100 %). 



20 
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Example 9 

Preparation of N-(7*Aininoheptvnacetamidine 

Prepared from N-Boc-l,7-diaminohcxane (LO 4.34 mmol) by the methcxl of 
example 8 to yield 0.76 g of the title compound as a white solid. M.P. = 
5 165-168^C. Mass spectnmi (CI) 172.1 (MH% 100 %). 'H NMR (300 MHz, 
D20) 5 3.16 (t, J = 7.0 Hz, 2H\ 2.9 (t, J = 7.5 Hz, 2H), 2.11 (s, 3H), L59-1.5 
(m, 4H), 1.28 (br s, 6H). 

Example 10 

10 Preparation of N>N^-(1.3-Phenvlenebis(methvlene>) bisfacetamidine) 

To a solution of 1 .0 g (7.34 mmol) m-xylenediamine in 75 ml ethanol at 0 o C was 
added 3.7 g (15.0 mmol) of solid intermediate B. The solution was stirred at 0 o C 
for two hours and concentrated. The residue was taken into 50 ml of water and 
extracted twice with ether (2 x 50 ml). The aqueous solution was freeze-dried to 

15 provide a quantitative yield of N,N'-(1 ,3-phenylenebis(methylene))bis(acetamidine) 
bis-hydrobromide as a white solid (2.81 g). Mass spectnmi (CI) 219.0 (MH*, 26 
%), >H NMR (300 MHz, D20) 6 7.3 (m, IH), 7.2 (m, 3H), 4.35 (s, 4H), 2.15 
(s, 6H). 

20 Examples 11-13 were prepared from the appropriate diamines by methods 
analogous to example 10: 

Example 11 

N,N'-(1,4-Phenvlenebis(methvlene)>bis(acetamidine) 
25 Mass spectrum (FAB) 219.3 (MH\ 100 %). NMR (300 MHz, D20) 5 7.45 
(s, 4H), 4.46 (s, 4H), 2.2 (s, 6H). 



wo 96/19440 



PCT/GB95/02978 



31 

Example 12 

N,N'-(1.3-Phenvlenefdiethvle ne))bi5irap<>tflniiHinp) 

Mass spectnim (FAB) 247.2 (MH^ 100 %). 'H NMR (200 MHz. D20) 6 
7.35-7.15 (m, 4H), 3.50 (t. J = 6.8 Hz. 4H). 2.9 (t. J = 6.9 Hz. 4H). 2.1 (s. 
5 6H). 

Example 13 

N,N'-(1.4-Phenvlenefdiethvlen e»bisfacetaniidinA) 

Mass specmim (CI) 247 (MH*, 25 %). 'H NMR (300 MHz. D20) 6 7. 16 (s. 4H), 
10 3.40 (t, J = 6.8 Hz. 4H). 2.81 (t, J = 6.8 Hz, 4H), 2.04 (s, 6H). 

Example 14 

Preparation of N-f3-fhvdroxvni ethvnnhenvnacetamiriinP 

Prepared from 1.23 g (10 mmol) 3-aminobenzyl alcohol and 2.22 g (11.0 mmol) 

15 of intermediate A by the method of example I to provide a white solid (2.0 g, 
100% yield). Mass spectmm (CI) 165.0 (MH*. 100 %). Capillary zone 
electrophoresis on a fused silica column (75 microns x 40 cm) at pH = 2 gave a 
7.78 minute retention time, 99.3 % purity. 'H NMR (300MH2, D20) 6 7.4 (t, J 
= 7.7 Hz. IH). 7.3 (d. J = 7.4 Hz. IH), 7. 18 (s, IH). 7. 13 (d, J = 7.9 Hz, IH). 

20 4.52 (s, 2H), 2.26 (s, 3H). 

Example 15 

Preparation of N-f3-rAm inomethvl^p henvnacptamiHinA 
To a stirred solution of 2.5 g (13.25 mmol) 3-nitrobenzylamine hydrochloride and 
25 8.5 ml (30 mmol) of triethylamine in 75 ml anhydrous methanol and 25 ml 
anhydrous tetrahydrofuran was added 3.19 g (14.5 mmol) di-re/rbutyJ dicarbonate. 
The solution was filtered after 14 hours, concentrated, and purified by silica gel 
chromatography to yield 3.3 g (100 %) of protected intermediate (silica gel Rf = 
0.45, 30 % ethyl acetate in hexanes). A solution of 3.1 g (12.29 mmol) of this 
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intermediate was hydrogenatcd for 90 minutes under 50 psi hydrogen in 75 ml 
methanol in the presence of 1 g 10 % palladium on carbon. The mixture was 
filtered and concentrated to an oil (2.65 g). This oil was taken into 30 ml ethanol 
(0*'C) and 2.48 g (12.3 mmol) intermediate A was added. After 3 hours, the 

5 solution was concentrated, partitioned between 100 ml ether and 40 ml water, and 
the aqueous phase was washed with ether (100 ml) and freeze-dricd to a white 
solid (3.5 g, 95% yield). Mass spectrum (CI) 264.1 (MH\ 100 %). To a 
suspension of 2.0 g (6.67 nunol) of this solid in 20 mL dioxane was added 30 ml 
of 4N hydrochloric acid in dioxane solution. The suspension was stirred for two 

10 hours, diluted with 150 ml ether, and filtered. The solids recovered were dried 
under vacuum to yield 1.36 g (86 %) of the title compound 
N-(3-aminomethylphenyl)acetamidinedihydrochloridc. Mass spectrum (CI) 164.0 
(MH'^, 100 %). Capillary zone electrophoresis on a fused silica column (75 
microns x 40 cm) at pH = 2.1 gave a 5.06 minute retention time, 97.6 % purity. 

15 'H NMR (300MHz, DMSO) 6 7.6-7.5 (m, 3H), 7.3 (m, IH), 4.03 (s, 2H), 2 J6 

(s, 3H). 

Example 16 

Preparation of N-rr6-(Aminomethvl)«2*pvridvllmethvllacetaniidine 

20 Prepared from 1.5 g (10,9 mmol) Bis-2.6-(aminomethyl)pyridine ( synthesized by 
standard methods from 2,6-pyridincdimethanol via bromination with carbon 
letrabromide and triphenylphosphine. bis-azide formation with sodium azide in 
dimethylformamide, and catalytic hydrogenation to the diamine with palladium on 
carbon) and intermediate B analogous to example 10. The crude product was 

25 purified by preparative reverse phase HPLC (CI 8) eluting with a gradient of 
methanol/ water /trifluoroacetic acid (10/90/0.1 to 90/10/0.1) and freeze-dried to 
yield N-[[6-(aminomethyl) -2-pyridyl]methyl]acetamidine (clear, colorless, viscous 
oil, 130 mg). Mass spectrum (CI) 179.0 (MH", 100 %). 
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Example 17 

PreparationcfN-f2-(^((acetimidoYhm.no>methvlu^..h».ny .^.K,..^..^^^ 
Prepared from 2-(2-Aminoethyl)-5-(aminoinethyI)thiophene and intennediate B 
analogous to example 10. Mass Specmim (FAB) 239.1 (MH*). 'H NMR (200 
MHz D20) 6 6.95 (d, J = 3.5 Hz, IH). 6.81 (d, J = 3.4 Hz, IH), 4.58 (s, 2H). 
3.52 (t. J = 6.6 Hz, 2H), 3.1 (s, 3H), 2.14 (s. 3H). 



Example IS 

PreparaMon of N-(3-rj>Wl..A.^|^ n,iri»,„^..„,^ ,,^^„^ 
10 -2-thienvnproDvnapptamiHinA 

Prepared from 2-(2-Aminoethyl)-5-(3-amuiopropyI)thiophene and intermediate B 
analogous to example 10. Mass Spectnmi (FAB) 267.3 (MH*). 'H NMR (200 
MHz D20) 5 6.75-6.7 (m, 2H). 3.50 (t. J = 6.6 Hz. 2H). 3.23 (t, J = 6.7 Hz. 
2H). 3.07 (t, J = 6.6 Hz, 2H), 2.85 (t. J = 7.3 Hz, 2H), 2.14 (s, 6H), 2.0-1.9 
15 (m, 2H). 



Example 19 

Preparation of N-(3-(Aminomefhvnhenrvn.?, ?.^fnuomar.>fi>mirfin. 
Prepared from ten-butyl N-(3-(aminomethyl)benzyl)carbamate and intermediate F 
analogous to example 1. 'H NMR (200 MHz, D20) 5 4.17 (2H, s), 4.64 (2H. s). 
6.70 (IH. t, J = 52.5 Hz), 7.47 (4H, m). Mass Spectrum (CI) 214.1 (MH+. 
100%). 



25 



Example 20 

Preparation ofN.(3-(Aminomef hvnben7vn-2.? trifluornar,.f ».mM8np 
To an excess of freshly condensed trifluoroacetonitrile stirring at -78 o C was 
added a solution of ten-butyl N-[3-(aminomethyl) benzyljcarbamate (746 mg. 3.16 
mmol) in CH,CN (5 ml) dropwise. The mixture froze into a solid white mass. 
After wanning to room temperamre, the mixture was wanned gently in a wann 
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water bath lo remove excess trifluoroacetonitrile. The mixture was concentrated 
91 reduced pressure and the residue was chroraatographed on silica gel eiuting with 
2:3 ethyl acetate in hexane to provide 897 mg (86%) of a viscous oil. To a 
stirred solution of the above oil (887 mg, 2.68 mmol) in dioxane (20 ml) was 
5 added 30% HBr in acetic acid (3 ml, 15.0 mmol). The resulting suspension was 
stirred for 6h, poured into ethyl acetate (200 ml) and stirred for 30 minutes. The 
solid was collected, suspended in hot iPrOH, cooled to rt. recollected and dried 
in vacuo to afford 731 mg (69%) of N-[3-(aminomethyl)ben2yll-2,2,2- 
trifluoroacetamidine as a dihydrobroraide salt. Mp = 242-244 ^'C. 200 MHz 'H 
10 NMR (D20) d 4.18 (2H, s), 4.67 (2H, s). 7.48 (4H, m). 

Example 21 

Preparation of 3«(2-FluoroacetimidovlaminQ>benzamide 

A solution of 1.0 g (7.34 mmol) of 3-aniinobenzamide in 15 ml of absolute ethanol 

15 at room temperature was treated with intermediate D and stirred 24 h. After 
concentration in vacuo to 5-10 ml, the residue was treated with EtjO and filtered 
to give 1 .69 g of an off-white solid. Recrystallization from MeOH/Et20 provided 
1.0 g (50%) of the title compound as a while solid: mp 219-220°C; *H NMR 
(D20, 300 MHz) i 7.70 (d, 1 H, J = 7.6 Hz), 7.66 (s, 1 H), 7.56 (t, 1 H, J = 

20 7.6 Hz), 7.46 (d, 1 H, J == 7.6 Hz), 5.46 (s, 1 H), 5.31 (s, 1 H). 

The following compounds (22-43) were prepared in an analogous manner to 
example 21: 

25 Example 22 

Preparation of 3-f Acetimidovlamino)benzamide 

Prepared from 3-arainobenzamide (1.0 g) and intermediate B (1.63 g). The while 
solids were filtered and dried to yield 1.55 g of 3-(Acetimidoylamino)benzamide. 
Mass Spectrum (CI) 178.0 (MH\ 100%). 
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Example 23 

Preparation of N-(3-f2-Hvd roxvethvnphi'nv)acetani!dinP 

Prepared from 3-(2-hydroxyethyl)aniIine and intermediate A. Mass Spectrum (CI) 

179.0 (MH*. 100%). 

5 

Example 24 

Preparation n f N-(3-FluoroDhenvna«^ flmirfiiiP 

Prepared from 3-fluoroaniline using intermediate A. Recrystaliization from 
MeOH/EtiO provided 816 mg (48%) of the tiUe compound as a wliite solid: mp 
10 175-177X; 'H NMR (D20, 200 MHz) 5 7.52 (m, 1 H), 7.28-7.05 (m. 3 H), 2.37 
(s. 3 H). 

Example 25 

Preparation nf 3-fAgefimi dDvlamino)hen2amldine 
15 Prepared from 3-amino-benzamidino 2HC1 using intermediate A and 1 equivalent 
of EtjN. Recrystaliization from MeOH/EtjO provided 1.48 g (82%) of a white 
solid: mp 263-265°C: 'H NMR (D,0, 300 MHz) 6 7.13 (dt, 1 H, J = 7.8. 1.5 
Hz), 7.66-7.52 (m, 3 H), 2.29 (s, 3H). 

20 Example 26 

Preparation of N-f3-Nitrophenvl)acetaniidinP 

Prepared from 3-nitroaniline using intermediate A. Recrystaliization from 
MeOH/EtjO gave 513 mg (35%) of a white solid. The solid was dissolved in 
CH,CU, basified with saturated NaHCOj, and extracted with CH^CU. The 
25 combined organic layers were dried (Na2S04). filtered, and concentrated in vacuo. 
The yellow solid was treated widi iPrOH followed by HCl in EtOH. Et,0 was 
added, and resulting white solid was collected to give 310 mg of title compound: 
mp 226-228''C; 'H NMR (0,0, 300 MHz) 5 8.24-8.10 (m, 2 H), 7. 70-7.58 (m. 
2 H), 2.31 (s, 3 H). 
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Example 27 

Preparation of N-(3-Acetvlphenvl) acetamid|n^ 

Prepared from 3-aminoacetophenone using intermediate A, Recrystallization from 
MeOH/EijO gave 1.16 g (74%) of a white solid. The solid was dissolved in 
5 EtjO/saturated NaHCOa, and the aqueous layer was extracted with EtjO, The 
combined organics were dried (Na2S04), filtered, and concentrated in vacuo. The 
residue was treated with EtjO and a small amount of HCl/ethanol. The resulting 
white solid was collected to give 325 mg of title compound: mp 204-206 ""C; *H 
NMR (D2O, 300 MHz) 6 7.92 (dt, 1 H, J = 7.6. 1.2 Hz), 7,77 (br s, 1 H), 7.55 
10 (t, 1 H, J = 7.6 Hz), 7.46 (dt, 1 H, J = 7.6, 1.8 Hz), 2.52 (s, 3 H), 2.29 (s, 3 
H). 

Example 28 

Preparation of N-(3>CvanoDhenvl)acetamidine 

15 Prepared from 3-ammobenzonitrile using intermediate A. Recrystallization from 
MeOH/EtjO gave 814 mg (50%) of a solid. The solid was dissolved in 
EtjO/sanirated NaHCOj, and the aqueous layer was extracted with Et.0. The 
combined organics were dried (Na^SOJ, filtered, and concentrated in vacuo. The 
residue was treated with Et^O and a small amount of HCl/ethanol. The resulting 

20 white solid was collected to give 576 mg of tide compound: mp 228-230°C; *H 
NMR (D.O. 300 MHz) S 7.72 (dt, 1 H, J = 7.8, 1.5 Hz). 7.64 (br s , 1 H), 
7.62-7.49 (m, 2 H), 2.28 (s, 3 H). 

Example Z9 

25 Preparation of N-(3-Bromophenvi>acetamidine 

Prepared from 3-bromoaniline using intermediate A. The resulting solid was 
dissolved in Et^O/samrated NaHC03, and the aqueous layer was extracted with 
EI2O. The combined organics were dried (NanS04), filtered, and concentrated in 
vacuo. The residue was treated with Et.O and a small amount of HCl/ethanol, 
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10 



Tl» re^uang whice solfd »as coIlec«d » give 776 mg (54%, of ,Me c<™po„od 
mp 208.210-C; 'H NMR (DA 300 MHz) S 7.52 (d. 1 H, J = 7.8 Hz, 7 43 (br 
s . I H). 7.3. (,. , H. J = 7.8 Hz,. 7.18 (d. I H, , . 7.8 Hz>. 2.26 (. 3H,. 

Prtparatiw of N-f^(M>ihvtthf.>nh„.ri)r^ff„r.p,pr 

Prepared fm„ 3-(med,ytaercap,o,-amlme ustag mttnnedU« A. Rec„.,allizaUon 
from MeOH/E^O gave 1.11 g (7I«, of a purple soM. Tl^ rea.ld„g «„id was 
d,«olv«. U, E,,0/sa,u:«ed NaHCO,. aad the aqueous layer was e«„e.ed wiu, 
B=0. Hk combined organics were dried (Na,SO.,, filttred. aud concentrattd in 
^cuo. Tie residue was ireaujd wilh EuO and a small amoun. of HCI/ethanoI 
The resutting solid was eollecBd .„ give 778 mg of ,lUe compound mp 
134-135-C; 'H NMR (D,0. 300 MHz, S 7.33 {, 1 H, , = 7.8 Hz,, 7.23 (d 1 H 
J = 7.8 Hz,, 7.09 (br s, 1 H), 6.97 (d, 1 H, , = 7,8 Hz). 2.36 ,s, 3H,, 2.25 (s,' 

Example 3 1 

Preparation of N.^-fT-Hvdro^l>fhvl)p^,»y.|...^,^,.rtil1^ 
Prepared from (+)-3-(l-hydroxyethyI)aniIine using intermediate C. Upon stirring 
overmght, the reaction was filtered, and the filtrate was concentrated vacuo 
The residue was trimrated with absolute EtOH/pentane, and the title compound 
was collected by filtration to give 2.1 g (88%) of an off-white solid- mp 
132-135«C; >H NMR (D,0. 300 MHz) 5 7.40 (t. 1 H, J = 7.8 Hz). 7 33 (d 1 H 
J = 7.8 Hz). 7.19 (s. 1 H). 7.12 (d. 1 H, J= 7.8 Hz), 4.80 (q, 1 H J = 6 6 
Hz), 2.26 (s. 3 H). 1.32 (d. 3 H, J = 6.6 Hz). 

Example 32 

Preparation of N-fV Aretimidovlaininn)h.n,vi^a^^,^^;H;no 
A solution of 1.2 g (6.36 mmol) of 3-nitrobenzylamineoHCI in 50 ml of EtOH 



20 



25 
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containing 150 mg of 10% palladium on carbon was placed on a Parr hydrogenator 
binder for Ih. The reaction was filtered through a pad of celite washing with 
EtOH, and the filtrate was concentrated in vacuo. The residue was dissolved in 
CH2CI2 and treated with LO N NaOH. The aqueous layer was extracted with 

5 CH2CI2, and the combined organic layers were dried (MgSOJ, filtered, and 
concentrated in vacuo to give 600 mg (77%) of 3-aminobenzyi amine which was 
used directly in the next reaction. The title compound was prepared as in 
example 21 from 600 mg of 3-aminobenzylaminc using 2 equivalents of 
intermediate C. Recrystallization from MeOH/EtjO provided 1.46 g (81%) of a 

10 white solid: mp 276-277**C; NMR (DjO, 300 MHz) 6 7.45 (t. 1 H, J = 7.8 
Hz), 7,31 (d, 1 H, J = 7.8 Hz), 7.25-7.15 (m, 2 H), 4.41 (s, 2 H), 2.28 (s. 3 H), 
2.15 (s. 3 H). 

Example 33 

15 Preparation of N«(3-Acetimidovlamino>benzenesulfonamide 

A solution of 1.5 g (7.42 mmol) of 3-nitrobenzenesuIfonamide in 50 ml of EtOH 
containing 150 mg of 10% palladium on carbon was placed on a Parr hydrogenator 
under H2 for 1 h. The reaction was filtered through a pad of celite washing with 
EtOH, and the filtrate was concentrated in vacuo to give 1.28 g (100%) of 

20 3-aminobenzenesulfonamide which was used immediately in the next reaction. The 
title compound was prepared as in example 21 from 3-aminobenzenesulfonamide 
using intermediate C, Recrystallization from MeOH/Ei20 provided 1.46 g (67%) 
of title compound as an off-white solid: mp 240-242°C; *H NMR (D.O, 300 
MHz) 5 7.86 (d, 1 H. J = 8.1 Hz), 7.75 (s, 1 H), 7.63 (t, 1 H, J = 8.1 Hz), 7.51 

25 (d, 1 H, J = 8,1 Hz), 2.30 (s, 3 H). 
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Examp lff 14 



methvnphpnYDacctflmirfin^ ^ 
A soluta of I.Og (4.63 ™,„„ Of 3.^^^, .^^^ ^^^^^^^ 

,,6 a, (9.26 ^. 2 cuiv, Of ..2.,.4.„^^„,„^^^. 
Ate. h=a,u.g „ „nu, for 1 h followed by cooliag .0 25-C, ^ „.cUc„ 
dUmed E.OAC. «^ , K «,0H. dried (MgSO., HI,«ed. and 
co^mmed v.„„. The residue was fil.e«d tlm^gh a pad of silica ge, eluOng 

g (76%) Of i„«rmedU«. A solution of 1.21 g (3.50 „»„„ „f u„ 
.u^^romado in 50 of ErOAe was «a.ed wid. ,40 .g of 10% palladiun, on 
^n ^ placed on a Parr hydrogenaior u«..r H, unUl gas consun^don ceased 
T*e ^cuon was fUiered d,rough a pad of sUi^ ge, washing wiU, HOAo. and d,e 
ni.^.= was coocemra^d u, ^cuo » give 1.0 g (89%, of a yellow solid d., was 
u«d unmediattly in d,e nex, taction. -n^iide compound was p^pared from 
1.0 g (3 . 13 nunol, of d,e above compou^l as in example 21 using intermediace C 

After removal of BOH, ,0 ml of 1.4-di„xane was add«l followed by 1.2 ml of 

3.7 M HBr m AcOH. After stirring f„, 5 min. tte reaction was treated wia, B,0 
stnred 3 h. An otange solid w« collected and rectystalli^ from 

aOH/EtOAc ,0 give 366 mg (27%) of UOe compound as a brown solid- mp 
«>-262.C; .H NMR (n,0, 3.X, MHz) . 7.64^.94 (m. 8 H). 4.4, (br s 2 „) 

4.26 (s, 2 H), 3.69 (br s, I H). 3.36 (br s. , H). 3.06 (br s. , H). 2.29 (s. 3 H). 

Examp le 

PrepaWion of N.(W2.A„....^ . t|, ,....^..)^H..nvl.^ 

To a solution of 5 g (20.5 mmol) of a-bromo-S-nitroacetophenone in 20 ml of 
acetone at 25"C was treated wid, 1.6 g (20.5 mmol. 1 e,uiv, of tbiourea. After 
sttrring ovenught, 6.1 g (98%) of a white solid was collected by fitotion a 
solution of 5.1 g (16.9 nunol) of Ute above compound in 200 ml of EtOH was 
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treated with 500 rag of 10% palladium on carbon and placed on a Parr 
hydrogenator under Hj for 2.5 h. The reaction was filtered through a pad of celite 
washing with EtOH, and the filtrate was concentrated in vacuo. The residue was 
dissolved in CH2CI2 and basified with 1 N NaOH. The aqueous layer was 
5 extracted with CH2CI2, and the combined organic layers were dried (MgSOJ. 
filtered, and concentrated in vacuo to give 1 .78 g (55 %) of intermediate which was 
used directly in the next reaction. The title compound was prepared as in 
example 21 from 1.03 g (5.38 mmol) of the above compound using intermediate 
C. After removal of EtOH, the residue was diluted with 10 ml of 1.4-dioxane and 
10 acidified with 3.7 M HBr in AcOH. After stirring 30 min, Etfi was added and 
a solid was collected by filtration. The solid was recrystallized from MeOH/EtaO 
to give 1.09 g (51%) of title compound as a white solid: mp 252-254°C; 
NMR (DnO. 300 MHz) 6 7.62-7.40 (m, 3 H). 7.29 (br d, 1 H, J = 7.5 Hz). 6.91 
(s, 1 H), 2.29 (s, 3 H). 

15 

Example 36 

Preparation of N-(3-AminoDhenvnacetamidine 

A solution of 10 g (72.4 nunol) of 3-nitroaniline in 200 ml of CH2CI2 at 25 oC 
was treated sequentially with 10 ml (71.4 mmol) of EtjN, 17.4 g (72.4 nmiol) of 

20 BOC2O, and a catalytic amount of DMAP. After stirring for 72 h, the reaction 

was filtered through a pad of silica gel washing with hexanes/EtOAc (1: 1), and the 
filtrate was concentrated in vacuo. Purification by medium pressure silica gel 
colunm chromatrography using hexanes/EtOAc (3:1 1: 1) provided 4.4 g (26%) 
of 3-(N-tert-butoxycarbonyl) -nitroaniline which was used directly in the next 

25 reaction. A solution of 1,5 g (6.3 nunol) of the nitroaromatic in 50 ml of EtOAc 
was treated with 150 mg of 10% palladium on carbon and placed on a Parr 
hydrogenator under H2 for 2 h. The reaction was filtered through a pad of silica 
gel washing with EtOAc, and the filtrate was concentrated in vacuo to give 1.3 g 
(100%) of intermediate which was used direcriy in the next reaction. The title 
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20 



25 



compound was prepared as in example 21 from 1.3 g (6.3 mmol) of 
3-(N-teit-butoxycarbonyl)-aminoaniline using intermediate C. After removal of 
EtOH, the residue was diluted with 10 ml of 1,4-dioxane and treated with 2 ml 
(7.6 mmol. 1.2 equiv) of 3.7 M HBr in AcOH. After stirring 15 min, Et,0 was 
5 added and a solid was collected by fUtration. The solid was recrystaUized from 
MeOH/EtOAc to give 1.15 g (59%) of tide compoumi as a white solid- mp 
288-289-C; 'H NMR (D,0. 300 MHz) 6 7.51 (t. 1 H, J = 8. 1 Hz). 7.33-7 24 (m 
2 H). 7.20 (t. 1 H. J = 1.8 Hz), 2.27 (s. 3H). 

10 Example 17 

Preparation of N-fVfMethvhmino>m.thviv.^.^y.^„.^,^i^,.„^ 
To a solution of 2.0 g (7.93 mmol) of 3-(N-tert-butoxycarbonyl) -nitrobenzylamine 
m 32 ml of anhydrous THF at -78-C was added 6.34 ml (9.51 mmol. 1.2 equiv) 
of 1.5 M LDA in cyclcohexane. After stirring for 25 min. 0.592 ml (9.51 mmol. 
1.2 equiv) of Mel was added, and the reaction was immediately wanned to 25-C 
and stirred 4 h. The solution was poured into ao and extracted with Et,0. TTie 
combined organic layers were dried (MgSOJ. filtered, and concentrated in vacuo. 
Purification by flash silica gel column chromatography using hexanes/Et,0 (21) 
provided 2.1 g (59%) of intermediate 3-(N-methyl-N-tert.butoxyclrbonyl) 
mtrobenzylamine. A solution of 1.25 g (4.7 mmol) of the above nitroaromatic in 
50 ml of EtOAc at 25-C was treated with 140 mg of 10% palladium on carbon 
and placed on a Parr hydrogenator under H, for 4 h. The reaction was filtered 
through a pad of silica gel washing with EtOAc. The filtrate was concentrated in 
vacuo to give 1.11 g (100%) of intennediate. The title compound was prepared 
analogous to example 21 from the above aniline intermediate (1.11 g .4.69 mmol) 
and intermediate C. After removal of EtOH, 10 ml of 1.4-dioxani was added 
followed by 1 ml (5.9 mmol) of 5.9 M HBr/AcOH. After stirring 5 min. Et20 
was added and stirring was continued for 2 h. Filtration provided a solid that was 
recrystallized from MeOH/EtOAc to give 950 mg (59%) of title compound as a 



15 
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white solid: mp 222-223**C; NMR (D^O, 300 MHz) 5 7.54-7.24 (m, 4 H), 
4.12 (s, 2 H), 2.60 (s, 3 H), 2.28 (s, 3 H). 

Example 38 

5 Preparation of N.N'«(1.3-Phenvlene)diacetamidme 

Prepared from 1.3-phenyleiic-diainine using 2 equivalents of intermediate C. 
Recrystallization from MeOH/EtjO provided 1.55 g (53%) of title compound as 
a white solid: mp 256-258*^0; »H NMR (D^O, 300 MHz) 5 7.56 (t, 1 H, J = 8. 1 
Hz), 7.36-7.20 (m, 3 H), 2.28 (s, 6 H). 

10 

Example 39 

Preparation of N-O-HvdroxvphenvDacetamldine 

Prepared from 3-aminophenol using intermediate C. Trimration with MeOH/EtjO 
provided 1.9 g (90%) of title compound as a white solid: mp 115-118**C; *H 
15 NMR (D2O, 300 MHz) 5 7.26 (t, 1 H, J = 8.1 Hz). 6.81 (d, 1 H, 8.1 Hz), 6.73 
(d, 1 H, J = 8.1 Hz), 6.66 (br s, 1 H), 2.23 (s, 3 H). 

Example 40 

Preparation of N>r3-fHvdrazinQmethvnphenv»acetamidine 
20 A solution of 1-0 g (5.3 mmol) of 3-nitrophenylhydrazineoHCl in 66 ml of THF 
was treated with 33 ml of saturated NaHCO, followed by 1.15 g (5.3 mmol, 1 
equiv) of BOQO. After stirring overnight, the reaction was diluted with H^O and 
extracted with EtyO. The combined organic layers were washed with brine, dried 
(MgS04), filtered, and concentrated in vacuo to give 1.33 g (100%) of a yellow 
25 solid that was used immediately in the next reaction. A solution of 1.33 g (5.3 
mmol) of the crude intermediate in 50 ml of EtOAc at 25**C was treated with 200 
mg of 10% palladium on carbon and placed on a Parr hydrogenator under Hj until 
gas consumption ceased. The reaction was filtered through a pad of celite washing 
with EtOAc, and the filtrate was concentrated in vacuo to give 1.18 g (100%) of 
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a yellow solid that was used immediately in the next reaction. The title 
compound was prepared as in example 21 using the above intermediate aniline and 
intermediate C. After removal of EtOH. 10 ml of 1 .4-dioxane was added followed 
by 1 ml of 5.9 M HBr in AcOH. After stirring for 30 min ao was added, and 
a solid was coUected by filtration. The solid was recrystallized from 
MeOH/EtOAc to give 0.78 g (45%) of title compound as a brown solid: mp 
218-220°C; >H NMR (D,0. 300 MHz) 6 7.38 (t, 1 H. J = 8.1 Hz). 6.96-6.88 (m. 
2 H). 6.81 (t. 1 H. J = 2.1 Hz), 2.26 (s. 3 H). 



15 



10 Example 41 

Preparation of N-(4-f Aminnni«>thvnDhenvnar«^i.m8Hi»^ 
A solution of 1 . 15 g (6. 1 mmol) of 4-nitroben2ylamineoHCl in 76 ml of THF was 
treated with 38 mL of saturated NaHCO, followed by 1.33 g (6.1 mmol. 1 equiv) 
of BOCjO. After stirring overnight the reaction was diluted with H^O and 
extracted with Ei,0. The combined organic layers were dried (MgSOJ. filtered, 
and concentrated in vacuo to give 1.54 g (100%) of 

4-(N-tert-butoxycarbonyl)-nitrobenzylamine that was used immediately in the next 
reaction. 

A solution of 1 .54 g (6. 1 mmol) of the above compound in 50 mJ of EtOAc 
was treated with 150 mg of 10% palladium on carbon and placed on a Parr 
hydrogenator under H, under gas consumption ceased. The reaction was filtered 
through a pad of celite washing with EtOAc. and the filtrate was concentrated in 
vacuo to give 1.36 g (100%) of intermediate aniline. The tifle compound was 
prepared from 1.36 g (6.1 mmol) of the above aniline as in example 21 using 
25 intermediate C. After EtOH removal, 10 ml of 1, 4-dioxane was added followed 
by 1.2 ml of 5.9 M HBr in AcOH. After stirring for 5 min EtjOwas added, and 
a solid was collected by filtration. The solid was recrystallized from 
MeOH/EtOAc to give 1.2 g (61%) of tide compound as a white solid: mp 
256-258»C; 'H NMR (D,0. 300 MHz) 5 7.47 and 7.28 (AB quartet, 2 H, J = 8.4 
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Hz), 4.10 (s, 2 H). 2.28 (s, 3 H). 
Example 42 

Preparation of N-(1.2^3,4-Tetrahvdroisoquinolin-7-vl)acetamidme 

5 A solution of 10.5 g (78.8 mmol) of 1,2,3,4-tetra-hydroisoquinoline in 55 ml of 
concentrated H2SO4 at 0*C was treated with 10 g (98.9 mmol, 1.25 cquiv) and 
wamied to 25 °C. After stirring for 48 h, ice was added followed by NH4OH. 
The aqueous layer was extracted with CH2CI2, and the combined organics were 
dried (MgS04), filtered, and concentrated to a volume of 100 ml. The solution 

10 was treated with 80 ml of 1 M HCl in Et^O followed by Et^O. A solid was 
collected and recrystallized from H20/acetone to give 6.0 g (36%) of 
7-nitro-l,2,3,4-tetrahydroisoquinolineoHCl. A solution of 1.0 g (4.7 mmol) of 
7-nitro-l,2,3,4-tetrahydroisoquinolineoHCl in 58 ml of THE was treated with 29 
ml of saturated NaHCOj followed by L02 g (4.7 mmol, 1 equiv) of BOCjO. 

15 After stirring overnight, the reaction was diluted with H2O and extracted with 
Et20. The combined organic layers were dried (MgSOO, filtered, and 
concentrated in vacuo. Pufication by flash silica gel column chromatography 
eluting with hexanes/EtjO (2:1) provided 1.08 g (83%) of 
N-ten-buioxycarbonyl-7-nitro- 1 ,2,3 ,4 -teira hydroisoquinoline. A scAition of 1 .08 

20 g (3.88 mmol) of the above nitroaromatic in 50 ml of EtOAc was treated with 100 
mg of 10% palladium on carbon and placed on a Parr hydrogenator under Hj until 
gas consumption ceased. The reaction was filtered through a pad of silica gel 
washing with EtOAc, and the filtrate was concentrated in vacuo to give 964 mg 
of an intermediate aniline that was used immediately in the next reaction. The title 

25 compound was prepared as in example 21 using 0.964 g (3.88 mmol) of the above 
aniline and intermediate C. After EtOH removal, 10 ml of 1,4-dioxane was added 
followed by 0.75 ml of 5.9 M HBr in AcOH. Afer stirring 5 min EtjO was 
added, and a solid was collected. Recrysiallization from MeoH/EtOAc provided 
530 mg (39%) of title compound as a white solid: mp undefined; *H NMR (DjO, 
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300 MHZ) 6 7.29 (d. 1 H, J = 8.4 Hz). 7.12 (d. 1 H. J = 8.4 Hz). 7.06 (br s 
H). 4.27 (s, 2 H). 3.41 (t, 2 H. J = 6.6 Hz). 3.02 (t, 2 H, J = 6.6 Hz) 2 26 
(s, 3H). 

Example 4.^ 

Preparation of N-nH.Tnri^T^ i.6.vnarPtam{rf8«n 

nie title compound was prepared from 6-aminoindazole as in example 21 using 
intennediate C. Reciystallization from MeOH/EtOAc provided 900 mg (70%) of 
title compound as a brown solid: mp 244.246»C: 'H NMR (DMSO. 300 MHz) 
i 13.30 (s. 1 H), 11.23 (s. 1 H). 9.41 (s, 1 H). 8.53 (s. 1 H). 8.14 (s, 1 H), 7.90 
(d, 1 H. J = 8.4 Hz). 7.50 (s. 1 H), 6.98 (d. 1 H, J = 8.4 Hz). 2.34 (s. 3 H). 

Example 44 

Preparation of N,N>-(3,3'-fTminod.methvlPn.^ dtp i,.ny.^^.„...^^^^,.„, 
A solution of 1.0 g (4.63 mmol) of 3-nitrobenzyI bromide in 20 ml of DMPU was 
treated with 873 mg (4.63 mmol, 1 equiv) of 3.nitrobenzylamineoHa followed by 
1.5 g (13.9 mmol. 3 equiv) of Na,CO,. After stirring at lOO'C for 1 h. the 
reaction was cooled to 250C and treated with 1.06 g (4.63 mmol. 1 equiv) of 
BOQO. After stirring for 48 h. the reaction was poured into H20 and extracted 
with hexanes/EtOAc (1:1). The combined organic layers were dried (MgSO,). 
fUtered. and concentrated in vacuo. Purifcation by flash sUica gel columii 
chromatrography eluting witii hexanes/Et,0 (1:1) provided 1.26 g 00%) of 
bis-nitroaromatic intennediate. A solution of 1.26 g (3.25 mmol) of the above 
compound in 50 ml of aOAc was treated widi 150 mg of 10% palladium on 
carbon and placed on a Parr hydrogenator under H, until gas consumption ceased. 
The reaction was filtered tiirough a pad of celite washing with EtOAc, and die 
filtrate was concentrated in vacuo to give 1.07 g (100%) of an oil that was used 
directly in die next reaction. The title compound was prepared from 1.06 g (3.25 
mmol) of the above diamine as in Example 21 using 2 equivalents of intennediate 
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C. After EtOH removal, 10 ml of 1,4-dioxane was added followed by 0.75 ml of 
5,9 M HBr in AcOH. After stirring for 5 min Et^O was added and stirring was 
continued for 2 h. A solid was collected and recrystallized from MeOH to give 
708 mg (40%) of title compound as a white solid: rap 282-283''C; NMR 
5 (D2O, 300 MHz) 5 7.54-7.25 (m, 8 H), 4.23 (s, 4 H). 2.28 (s, 6 H).The following 
compound (45) was prepared in an analogous fashion: 

Example 45 

Preparation of N-f3-f (Hvdroxvamino>methvl)phenYl) a<^e*ainifljn^ 
10 The title compound was prepared from 482 mg (6.94 nunol) of hydroxylamine and 
intermediate C for the amidine formation. Recrystallization from MeOH/EtOAc 
provided 600 mg (47%) of title compound as a white solid: mp 214-215*C; *H 
NMR (D2O, 300 MHz) & 7.54-7.25 (m, 2 H), 7.36-7.28 (m, 2 H), 4.35 (s, 2 H), 
2.28 (s, 3 H). 

15 

Example 46 

Preparation of N-f3-(lH-Pvrazol-3-vnphenvnacetamidine 

A solution of 5.0 g (30.3 mmol) of 3-nitroacetophenone in 16 ml of DMF was 

treated with 4.8 mL of (MeO)2CHNMe2 and heated to 120 for 24 h. After 

20 cooling to 25 ''C, the reaction poured into 1 N HCl and extracted with 
hexanes/EtOAc (1:1). The combined organic layers were washed with brine, dried 
(MgS04), filtered, and concentrated in vacuo to give 1 .88 g (28%) of intermediate. 

A solution of 940 mg (4.27 mmol) of the above compound in 34 ml of 
MeOH and 8.5 ml of HjO was treated with 0.855 ml (17.6 mmol) of 

25 H2NNH20H2O and heated at reflux for 2 h. After cooling to 25 ''C, die reaction 
was poured into 1 N HCl and extracted with EtOAc. The combined organic layers 
were dried (MgS04), filtered, and concentrated in vacuo to give 808 mg (100%) 
of l"(lH-pyrazol-3-yl)-3-nitrobenzene. 

A solution of 808 mg (4.27 mmol) of the above intermediate in 21 ml of 
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CHjClj was treated with a catalytic amount of DMAP followed by 918 mg (4.27 
mmol, 1 equiv) of BOQO. After stirring overnight, the reaction was concentrated 
in vacuo and used inunediately in the next reaction. 

A solution of 1.23 g (4.27 mmol) of die above intermediate in 50 ml of 
EtOAc was treated with 150 mg of 10% palladium on carbon and placed on a Pair 
hydrogenator under H, atmosphere until gas consumption ceased. The reaction 
was filtered through a pad of celite washing with EtOAc, and the filtrate was 
concentrated in vacuo to give an oil that was used immediately in the next 
reaction. 

The title compound was prepared from 1.1 g (4.27 mmol) of the above 
intermediate as in Example 21 using intermediate C. After EtOH removal, 10 ml 
of 1.4-dioxane was added followed by 0.80 ml of 5.9 M HBr in AcOH. After 
stirring for 30min Et^O was added, and stirring was continued for 2 h. A solid 
was collected and recrystallized from EtOH/EtOAc/Et^O to give 381 mg (25%) of 
title compound as a brown solid: mp 224-226«C; «H NMR (D^O, 300 MHz) 5 
7.81 (d, 1 H. J = 2.4 Hz). 7.67 (dd. 1 H, J = 8.1. 1.2 Hz). 7.55 (br s. 1 H). 
7.49 (t. 1 H. J = 8.1 Hz). 7.25 (br d. 1 H. J = 8.1 Hz). 6.75 (d, 1 H. J = 2.4 
Hz), 2.28 (s, 3 H). 

20 Example 47 

Preparation of N-(3-(Morpholinometlivhp hpn Y l)acetaniidtnP 7HWr. 
A solution of 1 .0 g (4.63 mmol) of 3-nitrobenzyl bromide in 30 ml of toluene was 
treated widi 0.806 ml (9.26 mmol. 2 equiv) of morpholine and heated to reflux for 
3 h. After cooling to 25°C EtOAc was added, and the oiganic layer was washed 
with 1 N NaOH, dried (MgS04). filtered, and concentrated in vacuo to give 1.03 
g (100%) of an oil. 

The crude oil from above was dissolved in 50 ml of EtOAc, treated with 
100 mg of palladium on carbon, and placed on a Parr hydrogenator under H, for 
1.5 h. The mixnirc was filtered through a pad of silica gel washing with 
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EtOAc/MeOH (10:1), and the filtrate was concentrated in vacuo to give 900 mg 
of an oil. 

The title compound was prepared as in Example 21 from 890 mg (4.63 
mmol) of the above oil using intermediate C. After EtOH removal, 10 ml of 
5 1,4-dioxane was added followed by 0.90 ml of 5.9 M HBr in AcOH. After 
stirring for 5 min Et^O was added, and a solid was collected. Recrystallization 
from EtOH/EtOAc provided 938 mg (51%) of title compound as a white solid: 
mp 219-220*C; »H NNfR (DjO, 300 MHz) 6 7.56-7.28 (m, 4 H). 4,28 (s, 2 H), 
3.93 (br s. 2H), 3.63 (br s, 2 H). 3.40-3.00 (m, 4 H), 2.28 (s, 3 H). 

10 

The following compounds (48-50) were made in an analogous fashion: 
Example 48 

Preparation of N-O-f lH-Pvra2oM»vlmethvnDhenvl)acetamidineo2 HBr 
15 The title compound was prepared from pyrazole as in Example 47 utilizing 
intermediate C for the amidinc formation. Recrystallization from MeOH/EtOAc 
provided 960 mg (55%) of a white solid: 218-220*'C; NMR (DjO, 300 MHz) 
6 7.79 (s, 1 H), 7.63 (s. 1 H), 7.40 (t, 1 H, J = 7.8 Hz), 7.24-7.13 (m, 2 H), 
7.03 (s, 1 H), 6.38 (m, 1 H), 5.35 (s, 2 H), 2.23 (s, 3 H). 

20 

Example 49 

Preparation of N'(3-((Dimethvlamino)methvi>phenvn acetamidineo2HBr 
The title compound was prepared from 2 M HNMe^ in THF as in Example 47 
utilizing intermediate C for the amidine formation, Recrystallization from 
25 MeOH/EtOAc provided 960 mg (56%) of a white solid: mp 242-243 oC; *H 
NMR (D2O, 300 MHz) d 7.58-7.28 (m, 4 H), 4.23 (s, 2 H), 2.73 (s, 6 H), 2.28 
(s, 3 H); low resolution MS (CI) 192 (MH+); Anal. Calcd. for C„HnN3o2HBr: 
C, 37.42; H, 5.42; N, 11.90: Br. 45.26. Found: C, 37.45; H, 5.46; N, 11.81; 
Br, 45.16. 
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Example SO 

A solution of 1.0 g (4.63 mmol) of 3-mtn,benzyl bromide in 30 ml of toluene was 
tn^ted with 872 mg (9.26 mmol. 2 equiv) of 2-aminopyridine and heated to reflux 
for 4 h. Upon cooling to 25«C the reaction mixture was basified with 1 N NaOH 
and extracted with EtOAc. The combined organic layers were dried (MgSOJ 
filtered, and concentrated in vacuo to an oU that was used in the next reaction ' 
A solution of 1.06 g (4.63 mmol) of the above amine in 30 ml of THF was 
treated with 1.5 g (6.95 mmol, 1.5 equiv) of 600,0 and stirred 16 h The 
reaction was treated wida 1.5 g (6.95 mmol. 1.5 equiv) of BOCO and stirred an 
additional 7.5 h. The reaction was dUuted with samrated NaHCO, and extracted 
with Et,0. The combined organic layers were dried (MgSO,). filtered and 
concentrated in vacuo. Purification by flash silica gel column chromatrography 
elutmg with hexanes/EtOAc (3:1) provided 411 mg (27%) of an oil that was used 
15 in the next reaction. 

A solution of 411 mg (1.25 mmol) of the above nitroaromatic in 20 ml of 
EtOAc was treated with 100 mg of 10% palladium on carbon and placed on a Parr 
hydrogenator under H, for 3 h. The reaction was filtered through celite washing 
with EtOAc. and the filtrate was concentrated in vacuo to give 374 mg (100%) of 

20 an oiL 

•nie title compound was prepared from 374 mg (1.25 mmol) of the above 
oil as in example 47 using intermediate C. After removal of EtOH, 5 ml of 
1.4-dioxane was added following by 0.30 ml of 5.9 M HBr in AcOH. After 
stirring for 5 min Et,0 was added, and stirring was continued overnight. A solid 
was colleaed and recrystallized from MeOH/EtOAC to give 270 mg (54%) of title 
compound as a white solid: mp 247-248 o C; 'H NMR (D,0. 300 MHz) 6 7 76 
(ddd. 1 H. J = 9.2. 7.2. 1.8 Hz). 7.65 (d, 1 H, J = 6.3 Hz). 7.41 (t. I H. J = 
7.6 Hz). 7.33 (d. 1 H. J = 7.6 Hz). 7.22-7.13 (m, 2 H). 6.88 (d. 1 H. J = 9.2 
Hz). 6.77 (t. 1 H. J = 6.3 Hz). 4.53 (s. 2 H). 2.25 (s, 3 H). 
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Example 51 

Preparation of S-(3-(Ac€timidovlamino)b€ii2;vi)isothioureao2HBr 

A solution of 1 .0 g (4.63 mmol) of 3-nitrobenzyl bromide in 10 ml of acetone was 

treated with 352 mg (4.63 mmol, 1 equiv) of thiourea and strred for 3 h. The 

5 reaction was filtered to give 1.29 g (96%) of a white solid that was used directly 

in the next reaction. 

A solution of 1 .29 g (4.41 mmol) of the above compound in 50 ml of EtOH 
was treated with 200 mg of 10% palladium on carbon and placed on a Parr 
hydrogenator under atmosphere overnight. The reaction mixture was filtered 

10 through a pad of celite washing with EtOH, and the filtrate was concentrated in 
vacuo to give 1.26 g (100%) of an orange solid that was used immediately in the 
next reaction. 

The title compound was prepared from 1.16 g (4.41 mmol) of the above 
intermediate as in Example 21 using intermediate C. Recrystallization from 
15 MeOH/EtOAc provided 672 mg (40%) of title compound as a brown solid: mp 

228-230X; *H NMR (DjO, 300 MHz) S 7.46-7.12 (m, 4 H). 4.31 (s, 2 H), 2.27 
(s, 3 H). 

Example 52 

20 Preparation of N-(3-f Aminomethvnphenvn-2-nuoroacetamidine 

Preparation of intermediate Terf-butvl N-(3-nitro> benzvlcarbamate 
To a 0°C solution of 30 g (0,159 mol) of 3-nitrobenzylamine hyydrochloride in 
MeOH (100 ml), THF (100 ml) and 48.8 ml uiethylamine was added a solution 
of 38.2 g (0.175 mol) di-ferr-butyl dicarbonate in THF (200 ml) over 60 nun. 

25 After 1 hr, the solution was concentrated, diluted with 100 ml water, and extracted 
with EtOAc (2 x 100 ml). The dried (Na2S04) solution was concentrated and 
purified by silica gel chromatography eluling with 10% - 30% EtOAc in hexanes 
to yield 38 g (95%) of ten-butyl N-(3-nitro)benzylcarbamate. 
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Amidine synthesis! 

A solution of 10 g (39.64 mmol) of ;.;r-butyl N-(3-nitro)benzyl -carbamate in 100 
ml EtOAc was hydn,genated under 55 psi H, in the presence of 1 g of 10 % Pd 
on carbon for 90 min. TTie residue after filtration and concentration was taken into 
100 ml of absolute ethanol at O'C and 16 g (50.8 mmol) of imermediate E was 
added. The solution was stined for 16 h and concentrated to a volume of 15 ml 
before 500 ml of ether was added with rapid stirring. Th. resultmg residue was 
taken mto 75 ml of acetic acid and 15 ml of 30 % HBr in acetic acid solution was 
added. After 15 min 500 ml of ether was added, the mixmre stirred for 30 min, 
and the pale yellow solids collected via filtration to yield 13.5 g (99 %) 
RecrystaUization of 7 g frx,m 30 ml MeOH and 150 mL EtOAC gave 6 0 g of 
white solid N-(3-(Aminomethyl)phenyl) -2-fluoroacetamidine. Mass Spectrum 
(CI)182 (MH*. 9.7 %). 'H NMR (300 MHz. DMSO) S 7.61-7.32 (m. 4H) 5 5 
(d. J = 45.1 Hz. 2H), 4.08 (S.2H). 

Examnle it^ 

Preparation of N- (.l-f2-Aminoeth vnnhi.nvi) o^.^.^.^..-^, 
3-Nitrophenethyl alcohol (2.5g) was hydtogenated (55 psi, 20OC) in MeOH (100 
ml) in the presence of di-tert-butyl dicarbonate (3.6 g) and 750 mg of 10 % 
palladium on carbon to give 3.7 g (100 %) of BOC-protected intermediate (mass 
spec. 238.0. MH^). 3.55 g of this alcohol intermediate was converted to azide via 
the bromide(CBr.. PPh3, CHXl,. then NaN, in DMF) to provide 1.65 g 
Reduction of the azide (1.16 g. EtOAc. Pd/C. 20 oC, 55 psi H^ followed by 
protection (K3CO3. CH,C1„ ao. CBz-Cl) gave 1.6 g (100 %) of intermediate. 
The BOC protectmg group was removed at 0 o C in CH.CU with TEA. TTie cnide 
material was free based with NaHC03 and the resulting residue (with intermediate 
A) was converted to the intermediate N.(3-(2-(Benzyloxycarbonyl) 
aminoethyl)phenyl)acetamidine (1.5 g) analogous to example 1. A MeOH (75 ml) 
and 3.0 M HCl in EtOH (25 ml) solution of this acetamidine (1.2 g) was 
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hydrogenated at 55 psi Hj at 20°C for 4h. Filtration through celite and 
concentration gave the title compound. Mass Spectrum (CI) 178.2 (MH*, 100 %). 
•H NMR (300 MHz, D.O) 6 7.4-7.1 (m, 4H), 3.14 (t, J = 7.1 Hz, 2H), 2.89 (t. 
J = 7.1 Hz, 2H), 2,25 (s, 3H). 

5 

Example 54 

Preparation of N-Q-fAminomethvnbenzvnpropionamidine 
Prepared from r^rr-butyl N-(3-(aminomcthyl)benzyl carbamate (1.0 g) and 
intermediate J as in example 2 to yield 1.25 g of white solid. A 1.0 g portion of 
10 this solid was reciystallized ftom MeOH/EtOAc to yield 0,93 g of the title 
compound. ^H NMR (200 MHz, DjO) 5 7.5-7.38 (m, 4H), 4,52 (s, 2H), 4.18 (s, 
2H), 2.53 (q, J = 7.7 Hz, 2H), 1.25 (t, J = 7.7 Hz, 3H). 

Example 55 

15 Preparation of 2>Amino-N-(3-Aminomethvl)phenvnacetamidine 

Prepared from tert-huxyl N-(3-(aniinomethyl)benzyl)carbamate and intermediate I 
analogous to example 2. 'H NMR (200 MHz, D2O) 5 4.25 (4H, d, J=5.5Hz), 
7,78-7.40 (4H, m). Mass Spectrum (CI) 179.1 (MH+, 100%). 

20 Example 56 

Preparation of N*f3-Aminomethvl)phenvR-2-(methvlthio)acetamidine 
Prepared from rm-butyl N-(3-(aminomethyl)benzyl)carbamate and intermediate H 
analogous to example 1. *H NMR (200 MHz, DMSO) 5 2.30 (3H, s), 3.64 (2H, 
s), 4.12 (2H, s), 7.65-7.32 (4H, m). Mass Spectrum (CI) 210,0 (MH+, 60.5%). 

25 

Example 57 

Preparation of N-f 1.2.3,4-tetrahvdro-7-isoquinolyl)methvnacetamidineo2HBr 
To a solution of 5.0 g (37.5 mmol) of 1,2,3,4,-tetra-hydroisoquinoIine in 23 ml 
of concentrated H2SO4 at 25 oC was treated with 6.7 g (37.5 mmol, 1 equiv) of 
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N-hydroxymethylphthalimide and stirred for 7 days. The reaction was poured into 
H2O, basified with solid NaHCOj. and extracted with EtjO. Hie combined 
organics were dried (MgS04). fdtered, and concentrated in vacuo. The residue 
was dissolved in Et^O and acidified with 1 M HCI in EtjO. The solid was 
5 collected and recrystallized from MeOH/Et^O to give 1 .7 g (10%) of intennediate 
that was used in the next reaction. 

A solution of 500 rag (1 .52 mmol) of the above compound in 19 ml of THF 
was treated with 9 ml of sanitated NaHCO, followed by 332 mg (1.52 mmol, 1 
equiv) of BOCjO. After stirring for 48 h, the reaction was dUuted with HjO and 
10 extracted with EtjO. The combined organic layers were dried (tdgSO^), filtered, 
and concentrated in vacuo. Purification by flash sUica gel column chromatography 
eluting widi hexanes/EtjO (1:1) provided 474 mg (79%) of N-protected 
tetrahydroisoquinoline. 

A solution of 474 mg (1.21 mmol) of the above compound in 12 ml of 
15 EtOH was treated with 0.117 ml (2.41 mmol. 2 equiv) of H^NNHjOHjO and 
stirred for 36 h. The reaction was diluted with CHiQj and filterwi. After 
concentration in vacuo, the residue was dissolved in CHjClj and filtcied. The 
filtrate was concentrated in vacuo and used in the next reaction. 

The title compound was prepared from the above intermediate as in 
20 example 21 using mtermediate C. After EtOH removal, 2 ml of 1,4-dioxane was 
added followed by 0.50 ml of 5.9 M HBr in AcOH. After stirring for 15 min 
EtjO was added, and the supernatant was decanted. The residue was trimrated 
with isopropanol overnight. Filtration provided 272 mg (62%) of title compound 
as an off-white solid: mp 215-218 o C; 'H NMR (DjO. 300 MHz) 6 1. 12-6.88 (m, 
25 3 H). 4.21 (s. 2 H). 4.12 (s, 2 H). 3.27 (t. 1 H. J = 6.3 Hz), 2.87 (t, I H. J = 
6.3 Hz), 2.01 (s. 3 H). 
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Example 58 

Preparation of 2.Flaoro-N -r3-(2-hvdroxvmethvnphe nvi^acrtainirtiiiP 
The title compound (2.19 g) was prepared as a pale yellow solid from 
3-aminophenethyl alcohol (1.0 g) and intermediate D (2.32 g) as in example 1. 
5 »H NMR (300 MHz, Dfi) 5 7.5 (t, J = 7.5 Hz, IH), 7.37 (d. J = 7.8 Hz, IH), 
7.2 (m, 2H), 5.4 (d, J = 44.9 Hz, 2H). 3.83 (t, J = 6.4 Hz), 2.87 (t, J = 6.4 
Hz, 2H). Mass Spectrum (CI) 197.0 (MH+, 100 %) 

Example 59 

10 Preparation of N-(3-Ammo-5-ind anvnap<>»flmitiinp 

6-Nitroindan-l-one (18.1 g, 102 mmol) was dissolved in ethanol (400 ml) and 
reduced using Pd (5%) on carbon (2.0 g) and 35 psi hydrogen pressure on a Pan- 
apparatus. Filtration on celite followed by evaporation gave 6-aminoindan-l-one 
(13.7 g, 93 mmol). NMR (DMSO) 7.2 (d, J = 7.7Hz, IH), 6.9 (dd. Jab = 

15 7.7Hz. J ax = 2.3 Hz, IH), 6.75 (d, J = 2.3Hz, IH), 5.3 (brs, 2H), 2.9 (t, 
J = 5.6 Hz. 2H). 2.55 (t, J = 5.6 Hz, 2H). 

6-Aminoindan-l-one (10.0 g, 68 mmol) was treated with pyridine (50 ml) and 
hydroxylaminc-O-benzyl ether.HCl (11.4 g, 71.3 mmol) and heated to 50oC 
20 under for 40 min. The mixmrc was evaporated in vacuo and diluted with 
CH2CI2 (300 ml). Filtration gave a solid which was washed with a small volume 
of CH2CI2 and dried in vacuo to give 6-Amino-l-O-benzyloximinoindanc (14.0 g, 
48.5 mmol) as the HCl saU. NMR (DMSO) 10.5 - 9.0 (br s, 3H). 7.5 - 7.3 (m, 
8H), 5.2 (s, 2 H), 3.05 (m,2H), 2.9 (m, 2H). 

25 

6-Amino-l-O-benzyloximinoindane.HCl (5.0 g, 17.3 mmol) was treated with 1.0 
M BH3-THF (86 ml) and wanned under Nj to 40 oC for 23 hrs. The mixture 
was evaporated and diluted with CH,C1; and quenched by dropwise adition of 
MeOH. The solvent was evaporated and l.O N HCl (50 ml) was added and the 
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mixture wanned to 50"C for Ihr. After cooling. 1 .0 N NaOH (50 nU) was added 
^Jid the pH adjusted to 9.5 with additional 1.0 N NaOH. The mixture was 
extracted with CH^Ci, and the extract evaporated onto sUica gel and 
chromatographed using CH^Cl^ with 30 volume % MeOH. Evaporation of 
appropriate fractions gave 1,6-diaminoindane (2.0 g. 78 %). NMR (DMSOA) 
6.8 (d. J = 6.8 Hz. IH). 6.57 (s. IH). 6.4 (d. J = 6.8 Hz. IH). 4.8 (brs, 2H) 
4.0 (t. J = 7Hz. IH), 2.75-2.6 (m. 2H). 2.3-2.2 (m. IH). 1.8 (br s. 2H. NH^' 
1.6-1.4 (m. IH). 

1,6-Diaminoindane ( 0.5 g, 3.4 nunol) was stirred in CftCI, (lOml) and cooled 
to 0-C. Di-tert-butyl dicarbonate (0.74 g. 3.4 mmol) in CH,CI, (3 ml) was added 
dropwise over 10 mm and the solution stirred overnight. TTie solution was 
evaporated in vacuo and dUuted with EtOH (20 ml) and cooled to OoC 
Intermediate C was added and the mixtuit. aMowed to warm to 20 o C and stined 
for 90 min. Dropwise addition of 30% HBr / HOAc (1.5 ml) with stirring gave 
after 70 min a white solid which was coUected and washed with a smaU volmne 
of CH,Cl3 and dried in vacuo yielding N-(3-Amino-5-indanyl)acetamidine (1 1 g 
93 %) as the 2HBr salt. NMR (DMSO-d,) 8.5 (brs. NH). 8.4 (brs, NH), 7 55 
(s. IH), 7.5 (s, IH). 7.3 (d. J = 7.0 Hz, IH). 4.8 (m. IH). 3.8 (brs. NH) 
3.2-3.0 (m, IH), 3.0-2.8 (m, IH). 2.6-2.5 (m, IH). 2.4 (s, 3H. CH,). 2.1-2 0 (m 
IH). 

Example 

Preparation of N.fl-AfTiino- 4-lndanv l)arPta»,.rf;,.. 

4-Nitroindan-l-one was convened to the l-oximinobenzylether and reduced to 
l-amino-^-nitroindane using BH3 - THF by the methods described in example 59. 

l-Amino-4-nitroindane (0.4 g. 2.24 mmol) was dissolved in CH,C1, (10 ml) and 
treated with c-BOC anhydride (0.59 g. 2.7 mmol). After 18 hrs the solvent was 
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removed in vacuo and the residue dissolved in EtOH (50 mi) and reduced using 
^% Pd/C (0.2 g) and H2 at 32 psi on a Parr apparatus. Evaporation of the solvent 
to a final volume of 20 ml followed Filtration on celite. The intermediate was 
treated with intermediate C (0.68g, 2.3 mmol) and stirred for 2 hrs. The solvent 

5 was removed in vacuo and the residue dissolved in dioxane (15 ml) and treated 
with 30% HBr - HO Ac. After 90 rain the crystaline solid that resulted was 
collected and washed with a small volume of CH2CI2 and dried in vacuo to give 
N-(l-Amino-4-indanyl)acetaniidine (0,60g, 99%) as the HBr salt NMR (DjO) 7,6 
(d, J = 7 Hz, IH), 7.5 (dd, J = 7 Hz, IH), 7.3 (d, J = 7Hz, IH), 4.9 (m, IH), 

10 3.1-2.8 (m, 2H). 2.6 (m. IH), 2.4 (s, 3H, CH3), 2.1 (m, IH). 

Example 61 

Preparation of N-(6-(Aminomethvl)-lMndanvUacetamidine 
6-Cyanoindan-l-one (prepared using the procedure of Allinger and Jones, JOC 

15 1962, p70. vol 27 for the tetralone analogue) (3.86 g, 24.5 mmol) was converted 
to the 1-oxime-O-benzyl ether and reduced with BH3-THF by the methods 
described in example 59 to give l-amino-6-(aminomethyl)indane. The diamine was 
isolated in 31% yield as the 2HC1 salt by treatment of an ether solution with 4.0 
N HCl in dioxane. l-Amino-6-aminomethylindane 2HC1 (0.5 g, 2.1 mmol) was 

20 stirred in EtOH (20 ml), cooled to 0 o C and treated with NEtj (0.59 ml, 4.2 
mmol). Intermediate A (0.43 g, 2.1 mmol) was added and the nuxture was 
allowed to warm to 20**C and stir overnight. The white crystaline product was 
collected and washed with a small volume of ether and dried in vacuo to give 
N-(6-(Aminomethyl)-l-indanyl)acetamidine(0.27 g, 35 %) as the 2HC1 salt. NMR 

25 (D2O) 7.45-7.25 (m, 3H), 4.8 (m, IH), 4.45 (s, 2H), 3.2-2.85 (m, 2H), 2.6(m, 

IH), 2.2 (s, 3H, CH3), 2.1 (m, IH). 
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Example 62 

Pr^pyation of N-fG-Aniinn-S.in danvl)mrthvl> 5»rAtamirf{»^> 
l-Ainmo-6-ainmomethylindane . 2 HCl (2.0 g. 8.5 mmol) was stirred in MeOH 
and cooled to O'C and treated with Et,N (1.8 ml, 12.9 mmol). Di-rm-Butyl 
dicarbonatc (1.0 g. 4.6 mmol) in CH^Cl, (3 ml) was added diopwise over 10 min 
and the mixture allowed to wann to 20X and stirred for 60 min. The mixture 
was evaporated in vacuo followed by treatment with CH2CI2 (15 ml) gave a white 
solid which was collected and dried in vacuo to yield 
l-amino-6-tert-butylcarbamoylmethylindaneHCl (0.46 g, 18 %). NMR(DMSO) 
8.3 (br s, NH3), 7.4 (br s. 2H. NHCO). 7.25 (d. J = 7.6 Hz, IH). 7.2 (d, J = 
7.6 Hz. IH). 4.7 (t. J = 6 Hz. IH), 4.13 (d, J = 6 Hz, 2H), 3.15-2.95 (m. IH). 
2.95-2.75 (m. IH), 2.5-2.4 (m. IH). 2.1-1.9 (m. IH), 1.4 (s, 9H). 

l-Araino-6-tert-butylcaii>amoylmethylindane hydrochloride (0.15 g. 0.57 mmol) 
was stirred in EtOH (3 ml) at 0»C and treated with Et,N (0.08 ml, 0.57 mmol). 
Intermediate A (0.115 g. 0.57 mmol) was added and the mixture allowed to warm 
to 20°C and stir overnight. The mixmrc was evaporated in vacuo and the residue 
dissolved in dioxane (3 ml) and treated dropwise with 4.0 N HCl/dioxane (1.0 
ml). On sunding at 5 o C overnight, a white crystaline solid formed and was 
20 collected and washed with a small volume of cold dioxane and dried in vacuo to 
give N-((3-Ammo-5-indanyl)methyl)acetamidine(0.10 g. 63 %) as the 2HC1 salt. 
NMR (D3O) 7.4.7.3 (m, 3H). 5.2 (m, IH), 4.1 (s, 2H), 3.1-2.8 (m. 2H), 2.6 (m, 
IH), 2.2 (s. 3H, CH3), 2.0 (m. 1H).1H), 3.0-2.8 (m, IH), 2.6-2.5 (m, IH). 2.4 
(s. 3H. CHj), 2.1-2.0 (m, IH). 



15 



25 



Example 63 

Preparation of l-Amino-4-ri.iminoethvla m ino)h»t-2-vnP2.5hvdrochlnriHp 
Preparation of l-A7.idr> -4-fbutoxvcarbonvlaniino>but-2-vne 
Hexamethyleneteuramine (28.27g) and 1 ,4-dichlorobut-2-yne (24.84g) were 



wo 96/19440 



PCT/GB95/02978 



58 

refluxed in chloroform (165inl) for 20min. Upon cooling to room temperature the 
resulting precipitate was filtered off and sucked dry. The mother liquor was 
concentrated to one quarter volume and a further crop of precipitate obtained. 
Total yield of complex = 46.10g. 

5 

The above complex (6,7g) was added to a mixture of ethanol (100ml) and 
concentrated hydrochloric acid (9.4ml) and the mixmre refluxed for 3h. On 
cooling, the precipitate was filtered and discarded. The filtrate was concentrated 
until it became cloudy at which point it was diluted with diethyl ether (4 volumes). 
10 The resulting precipitate was filtered, washed with more diethyl ether and sucked 
dry. The filtrate was concentrated to a small volume, more diethyl ether added and 
the resulting precipitate filtered off and sucked dry. The total yield of 
l-amino-4-chlorobut-2-yne hydrochloride was 2.924g. 

15 l-Amino-4'Chlorobut-2-yne hydrochloride (6g) and di-t-butyldicarbonate (9,354g) 

in dry THF (60ml) were treated with diethylisopropylamine {7.52ml) and the 
mixmre stirred overnight at room temperature. After this time the precipitate was 
filtered off and the filtrate concentrated in vacuo. The residue was partitioned 
between diethyl ether and water and the organic layer washed successively with 

20 O.IN HCl, water and brine, and dried over MgS04. Concentration in vacuo gave 
a green oil (9.205g) which was used directly. The oil was dissolved in DMF 
(140ml) and tetrabutylammonium iodide (7.92g) and sodium azide (3.065g) added. 
The mixmre was heated under Nj. in the dark at 60-70°C for Ih. Upon cooling, 
diethyl ether and water were added and the organic layer washed successively with 

25 0-lN HCl, water and brine, and dried over MgS04. Concentration in vacuo gave 
an oil which was purified by column chromatography on silica gel (3/1 
hexane/ethyl acetate). The fractions with Rf = 0,42 (3/1 hexane/ethyl acetate) 
pooled and concentrated to yield l-azido-4-(butoxycarbonylamino)but-2-yne as a 
yellow oil (3.049g). 
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Preparation of l-Ainino^(|-in,inoP,hvlaminn^h..r-9.vn. . <h y>i.^.hlnririr 
To l-azido-4-(butoxycarbonylamino)biit-2-yne (0.294g> in dry THF (7ml) was 
added triphenyl phosphine (0.386g) and water (38ml) and the mixture stirred 
overnight at room temperature. After this time S-benzyl-2-thioacetimidate 
hydrochloride (0.237g) and ethanol (4ml) were added and the mixmre stirred 
overnight at room temperature. The mixmre was concentrated in vacuo, the residue 
partmoned between water and ethyl acetate, and the aqueous layer concentrated in 
vacuo. The residue was treated with ethanol and re-concentiated in vacuo (x2) 
The residue was tritured with diethyl ether and the ether decanted off (x2) The 
remaining solid was sucked dry on an oil pump to yield l-butoxycarbonyIamino-4 
-(l-m»moethylamino)but-2-yne hydrochloride as a white hygroscopic solid 
(0.332g). 



15 



20 



l-Butoxycarbonyiamino-4-(l-iminoethylamino)but-2-yne(0.332g) was deprotected 
by treatment with 4NHCl/dioxane (3ml) at O'C and stirring at 0 o C for Ih then 
at room temperature for Ih. After this time the mother liquor was decanted off and 
the sticky residue subjected to an oil pump vacuum to remove residual solvent TTie 
resulting material was triturated with dry diethyl ether (x2). filtered off and washed 
with more dry diethyl ether. The yellow solid was fmaUy dried in a drying pistol 

to yield l-amino^.(l.uninoethylamino)but-2-yne2.5hydrochloride(0.184g) Mpt 
182-185»C(dec). FAB M.S. M+r 126. 

Example 64 

Preparation of i-Amino i (T imi,. ., ^ fl„oroethvl.n,inn.H....,,, „. 
25 dihvdrohrninidtf^ 

l-Amino-4-(l-iinino-2-fluoroethylamino)but-2-ynedihydrobromide was made from 
l-azido-4-(butoxycarbonylamino)but-2-yne and S-ben2yl-2-fluorothioacetimidate 
hydrobromide to yield 1-butoxycarbonylamino- 4-(l-imino-2- fluoro-ethylamino) 
but-2-yne hydrobromide as an intermediate. 
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1 -Butoxycarbonylammo-4-{ 1 -imino-2-fluoroethy laniino)but-2-yne hydrobromide 
^500mg) was deprotected by dissolving in glacial acetic acid (lOml). cooling until 
the solution almost solidified and adding HBr in acetic acid (45%w\v, l.Sml). The 
mixture was stirred with cooling for Ih then at room temperature for Ih. After this 

5 time the mother liquor was decanted off and the sticky residue subjected to an oil 
pxmip vacuum to remove residual solvent. The resulting material was triturated 
with dry diethyl ether (x2). filtered off and washed with more dry diethyl ether. 
The yellow solid was recrystallised from ethanol/diethyl ether and finally dried in 
a drying pistol to yield l-amino-4-(l-iniino-2-fluoroethylaniino)but-2-ync 

10 dihydrobromide, Mpt 174-176.5oC(dec.), FAB M.S. M+V 144. 

Example 65 

Preparationon>f2-AminoethoxvV2-N-(l-iminoethvnethvlamin^hvdrochloride 

Preaparation of N-frgyrbutQxvcarbonvlV2-(2-aminocthoxv)ethvl azide 
15 The title compound was prepared from 2-(2-aminoethoxy)ethanol using the 
procedures described for equivalent non-ether linked straight chain aminoalcohols 
by Mattingly (Synthesis, 1990, 366-368). 

Preparation of l-f2-AminQethoxvV2-N-fl-iminoethvnethvlam ine2hvdrochioride 
20 To N-(renbutoxycarbonyl)-2-(2-aminoethoxy)ethyl azide (0,315g) in dry THF 
(lOml) was added polymer supported triphenyl phosphinc (0.46g) and water (37m1) 
and the mixture slowly stirred overnight at room temperature. After this time S- 
benzyl-2-thioacetimidate hydrochloride (0.352g) and ethanol (5ml) were added and 
the mixture stirred overnight at room temperature. The mixture was concentrated 
25 in vacuo, the residue partitioned between water and ether, and the aqueous layer 
concentrated in vacuo to fiimish N-(renbutoxycarbony 1)- 1 -(2- Aminoethoxy)-2-N-( 1 - 
iminoethyl) ethylamine as a white foam. 

Treatment of a solution of N-(re/tbutoxycarbonyl)-l-(2-Aminoethoxy)-2-N-(l- 



wo 96/19440 



PCT/GB95/02978 



61 



imiaoethyl) ethylamine (280mg) in dioxan with 10ml of 4N HCl in dioxan served 
to deprotect the molecule by stirring at room temperamre for Ih. At this time a 
50ml portion of ether and the suspension were vigorously stirred. The title 
compound was firmished as a hygroscopic solid on filtering this suspension and 

drying in vacuo, 

FAB MS M+r. 100%. IH NMR (360 MHz. D,0) 6„. ppm 2.28 (IH. s. Me)- 
3.25 (2H, t. CH^. 3.55 (2H. t CH^), 3.82 (4H, m. 2x CH,). IR (KBr disc)' 
3 111, 1 676, 1 643 cm' 



10 Biological p ata 

NO synthase inhibition was determined by the following procedure: 



15 



20 



25 



Purification of NOS fmm human p lar<>nfa 

Amion and chorion wer« removed from fresh placenta, which was then rinsed with 
0.9% NaCI. The tissue was homogenised in a Waring blender in 3 volumes of 
HEDS buffer (20 mM Hepes pH 7.8. 0.1 mM EDTA. 5mM DTT, 0.2M sucrose) 
plus 0.1 mM PMSF. The homogenate was filtered through cheesecloth and then 
cemrifuged at lOOOg for 20 min. The supernatant was recentrifiiged at 27,500g 
for 30 min. Solid ammonium sulphate was added to the supernatant to give 32% 
samraUon. Precipitated protein was pelleted at 25,000g and then r^issolved m a 
minimal volume of HEDS buffer plus 0.1 mM PMSF. 10;zg/ml leupeptin and 
soybean trypsin inhibitor, and Mg/ml pepstaiin. The r^issolved pellet was 
centrifiiged at 15.000g for 10 min. To the supernatant was added 1/20 volume at 
2,5' ADP agarose resin (Sigma), and die slurry was mixed slowly overnight. In 
the morning, slurry was packed into a column. The resin was sequentially washed 
widi HEDS, 0.5M NaCI in HEDS. HEDS, and then NOS was eluted with 10 mM 
NADPH in HEDS. The enzyme could be concentrated by ultra filtration and quick 
frozen and stored at -TCC without loss in activity for at least 3 months. 
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Assay for human placental NOS 

NOS was assayed for the formation of citruUine following the procedure of 
Schmidt et al (PNAS 88 365-369, 1991) with these modifications: 20 mM Hepes, 
pH 7.4, 10/ig/ml cahnodulin, 2.5 mM CaC12, 2.5 mM DTT, 125/iM NADPH, 
5 10/xM tetrahydrobiopterin, 0.5mg/ml BSA, and IfiM L-[^^]arginine (New 
England Nuclear). Linearity of NOS-caialysed rate was confirmed prior to kinetic 
studies that used single time point determination of rate. 

Purification of NOS from cvtokine-induced human colorectal adenocarcinoma 

10 DLD-1 cells 

DLD-1 (ATCC No. CCL 221) were grown at 37**C, 5% CO^ in RPMI 1640 
medium supplemented with L- glutamine, penicillin, streptomycin, and 10% 
heat- inactivated fetal bovine serum. Cells were grown to confluence and then the 
following cocktail of cytokines were added: 100 units/ml interferon-gamma, 200 

15 units/ml interleukin-6, 10 ng/ml tumour necrosis factor, and 0.5 ng/ml intcrleukin- 
1/3 At 18*24 hr post-induction, cells were harvested by scraping and washed with 
phosphate-buffered saline. Pelleted cells were stored at -70*'C. Purification of the 
induced NOS was performed at 4*^0. Crude extract was prepared by three cycles 
of freeze/thawing cells in TDGB (20 mM tris pH 7.5, 10% glycerol, ImM DTT, 

20 2 ^M tetrahydrobiopterin). Extract was applied directly onto a colunm of 2\5' 
ADP sepharose (Pharmacia). Resin was sequentially washed with TDGB, 0.5M 
NaCl in TDGB, TDGB. NOS was eluied with 2 mM NADPH in TDGB. BSA 
was immediately added to give a final concentration of 1 mg/ml. NOS could be 
quick frozen and stored at -70*C without loss in activity for at least 2 months. 

25 

Assay for inducible human NOS 

The formation of ciirulline were assayed as described above except that 10/iM 
FAD was included and calmodulin and CaCU excluded from the assay mix. 
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Purification n f NOS from human hrain 

Human brain NOS was prepared using variations of the procedures of Schmidt et 
al. (PNAS 88 365-369. 1991). Mayer et al. (Fed. Eur. Biochem. Soc. 288 
187-191. 1991). and Bredt and Snyder, (PNAS 87 682-685. 1990). Briefly, fresh 
whole brains (3 with myelinated tissue dissected away. 1050g) were homogenised 
in cold buffer A (50 mM HEPES, pH 7.5 (pH at RT) and 0.5 mM EDTA. 10 mM 
DTT, 3.6 L total volume) with a polytron. The mixnire was centrifuged at 
13.000g for 1 hour and the supernatant fluid was removed (about 2050ml). To the 
supernatant fluid, solid ammonium sulphate (365g, about 30% of saturation) was 
added and stirred slowly for a total of 30 minutes. The precipitate was pelleted 
at 13,000g for 30 minutes and the pellet was resuspended in ~400nil of buffer A 
with 4mM tetrahydrobiopterin, 1;*M FAD (Sigma), and l^M FMN (Sigma). TTie 
solution was centrifuged at 41.000g for 60 minutes. TTie supernatant was 
removed, frozen by pouring into liquid nitrogen, and stored overnight at -70"C. 
The mixture was thawed and passed through at 2*,5' ADP-agarose column (0.4g 
swelled in buffer A) at 4ml/min. The column was washed with 100ml buffer A. 
200ml buffer A with 500 mM NaCl. 100ml Buffer A. then 30ml buffer A with 5 
mM NADPH. To the enzyme solution was added tetrahydrobiopterin to IOaiM. 
FAD and FMN to l^M, and Tween to 0.1%. This solution was concentrated by 
Centriprep-30 to a volume of approximately 500/xl. Enzyme activity was 
determined as described by Schmidt et al. 1991, except that lO^^M 
tetrahydrobiopterin was included in the assay. 

The compounds of the invention exhibit NOS inhibition properties, and certain 
groups of the compounds exhibit selective inhibition properties against either the 
inducible or neuronal NOS. 
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CLAIMS: 



1 . An acetamidine derivative of formula (I) 




10 or a salt thereof, wherein 



R' is hydrogen, a C,^ hydrocarbyl groi^ optionally substituted by halo, halo, 
nitro, cyano or a group XR=' wherein X is oxygen, C(0)„ wherein m is 1 or 2, 
S(0)„ wherein n is 0, 1 or 2, or a group NR* wherein R* is hydrogen or C.^j alkyl; 
and R' is hydrogen, C,^ alkyl, or a group NR'R* wherein R* and R* are 
independenUy hydrogen or C,^ alkyl, provided that R' is not NR*R« when X is 
oxygen or S(0),; 



R'* and R"* are independently selected from hydrogen or halo; 

20 

R^ is a C,.,4 hydrocarbyl group which may optionally contam one or two 
heteroaioms, the group R^ being optionally substimted by one or more groups 
independently selected from halo; Nj; nitro; CFj; ZR^ wherein Z is oxygen, C(0)„. 
wherein m' is 1 or 2, S(0)„. wherein n' is 0, 1 or 2, or a group NR" wherein R* 
25 is hydrogen or Cj^ alkyl and R^ is hydrogen, C,^ alkyl or a group NR'R'o wherein 
R' and R'° are independently hydrogen or C,^i alkyl; or R^ is substituted by a 
group 



NH 
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wherein R" has a definition the same as for R'; 

^'ith the proviso that when R' is a C,, alkyl group and RMs a C..., hydrocarbyl 
substituted by two groups ZR' wherein one group ZR' is CO,H. the other group 
ZR^ is not NHj. 

2. An acetamidine derivative as claimed in claim 1 wherein R' is hydrogen, a C, 
. hydrocarbyl group optionally substituted by halo, halo, nitro. cyano or a group 
XR^ wherein X is oxygen. C(0)„ wherein m is 1 or 2. S(0)„ wherein n is 0. 1 or 

2. or a group NR* wherein R^ is hydrogen or C,^ alkyl; and R^ is hydrogen C 
alkyl. or a group NR^R* wherein R^ and R« are independently hydrogen or C 
alkyl. provided that R' is not when X is oxygen or S(0)„; and R- and R- 
are independently selected from hydrogen or halo. 

3. An acetamidine derivative as claimed in claim 1 or claim 2 wherein R^ is a C, 
„ hydrocarbyl group which may optionally contain one or two heteroatoms. the 
group R= being optionally substimted by one or two groups which may be the same 
or differem, and are selected from halo; ZR' wherein Z is oxygen. C(0)„. wherein 
m' is 1 or 2, S(0)„. wherein n' is 0. 1 or 2. or a group NR- wherein R« is 
hydrogen or C., alkyl and R^ is hydrogen, C,^ alkyl or a group NR'R'" wherein 
R' and R'o are independently hydrogen or C,^ alkyl; or R^ is substimted by a 
group 



NH 



wherein R" has a definition the same as for R'; 
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with the proviso that when R' is a alkyi group and RMs a C,.,4 hydrocarbyl 
substituted by two groups ZR^ wherein one group ZR^ is COjH, the other group 
ZR^ is not NHj- 

5 4. An acetamidine derivative as claimed in any one of claims 1 to 3 wherein R^ 
is hydrogen, Cj^ alkyl, halo, nitro, NR^R^ or SR^ wherein R^ and R* arc as 
defmed in claim 1. 

5. An acetamidine derivative as claimed in any one of claims 1 to 4 wherein R^ 
10 is a C,^ hydrocarbyl group optionally containing one or two heteroatoms, each 

group R^ being optionally substituted by one group ZR^ wherein Z and R^ are as 
defined in claim 1, or a group 

KH 

15 

wherein R^^ is fluoro, hydrogen or NHj. 

6. An acetamidine derivative as claimed in any one of claims 1 to 5 wherein R* 
is hydrogen, halo or NHj. 

20 

7. An acetamidine derivative as claimed in any one of claims 1 to 6 wherein R- 
is a group: 
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Wherein p. q and r are independenUy 0. 1 or 2 and R« is as defined in claim 1. 
8. An acetamidine derivative as claimed in claim 1 of the formula (la): 



10 



15 



20 



25 



NH 



wherein R'. R^* and R'^ are as hereinbefore defined, and R'' is a C,,, hydrocarbyl 
group which may optionally contain one or two heteroatoms. the group R" being 
optionally substinited by one or two groups which may be the same or different, 
and are selected from halo. ZR' or a group 



NH 



wherein Z. R^ and R" are as defined in claim 1. 
9. A compound of formula (IB): 



NH l^:^ 



(IB) 



wherein R', R'» and R'" are as hereinbefore defined, and R- represents one or two 
substiments on the phenyl ring independenUy selected from halo, ZR' or a group 



NH 
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wherein Z, R"^ and R" are as hereinbefore defined, or R*^ is a Cj^ hydrocarbyl 
group optionally containing one or two heteroatoms, and optionally substituted by 
one or two groups which may be the same or different, and arc selected from halo, 
ZR^ or a group 

NH 

10. A compound of the formula IC: 



R^^ is a bond or CHj ; and 

Y is hydrocarbyl group, phenyl, indanyl or a 5-10 membered heterocyclic 
group containing 1 or 2 heteroatoms independently selected from O, N, and S; 



wherein Y is optionally substituted by one or more groups independently selected 
from halo, amino, cyano, nitro, hydroxy, Cj^ hydrocarbyl optionally substimted 
by hydroxy, Ci^ alkoxy, C,^ thioalkyl, CF3, N3, a group: 



10 




NH 



wherein R\ R^* and R^** are as defined in claim 1; 



Y 

NH 



wherein n is as defined in claim 1, C(0)^.B or S(0)„.B wherein m' and n* arc as 
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defined in claim 1 and B is amino or C,^ alkyl 



group: 



(CH2) 



NH 



10 



15 



20 



whercm n is as hereinbefore defined and D and E are independently hydrogen 
hydroxy, amino. C., alJcyl. -CNHCH3. -CO.'Bu. or a 5-10 membe«d heterocyclic' 
group containing 1 or 2 heterx>atoms independently selected from 0, N or S a 
group: 



-(CHA-NH-(CH2)„-F 

wherein n and n' are as hereinbefore defined and F is phenyl, or a 5- or 6- 
membered heterocyclic group containing 1 or 2 heteroatoms selected from 0,N and 
S optionally substituted by 



Y ' 

NH 



25 a group: 

-(CH^„-G 

wherein n is as hereinbefore defined and G is -CO,H, -CO,C.^ allcyl or a 5-10 
membered heterocyclic group containing 1 or 2 heteroatoms independently selected 
from O. N or S optionally substimted by amino, CNHNH, and CH,SCNHNH,. 
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wherein Z, and R'^ are as defined in claim 1, 
11. A compound as claimed in claim 10 wherein: 
5 R*^ is a bond or CHi; 

Y is Ci^ hydrocarbyl, phenyl, indanyl or a 5-10 merabered heterocyclic group 
containing I or 2 heteroatoras independently selected from O, N or S; 

10 wherein Y is optionally substituted by one or more groups independently selected 
from halo, ammo, cyano, nitre, hydroxy. C^^ hydrocarbyl optionally substituted 
by hydroxy, Cj^ thioalkyl, a group: 



— (CH2)n— NH ^Ha 



15 



Y 

NH 



wherein n is as defined in claim 1, C(0)„.B or S(0)„.B wherein m* and n' are as 
defined in claim 1 and B is amino or alkyl. a group: 

20 

(CH2)n— KH 



25 wherein n is as hereinbefore defined and D and E are independently hydrogen, 
hydroxy, amino, C,^ aUcyl, -CNHCHj, -COn^Bu, or a 5-10 membered heterocyclic 
group containing 1 or 2 heteroatoms independently selected from O, N or S, a 
group: 
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-(CH,)„-NH-(CH,)„.-F 

wherein n and n' are as as hereinbefore defined and F is phenyl, or a 5- or 6- 
membered heterocyclic group containing 1 or 2 heteroaioms selected from 0,N and 
5 S optionally substituted by 

X 

10 

a group: 

-(CHA-G 

wherein n is as hereinbefore defined and G is a 5-10 raembered heterocyclic group 
15 containing 1 or 2 heteroatoms independently selected from O, N or S optionally 
substituted by amino, CNHNHi and CHiSCNHNHj. 

12. A compound as claimed in claim 1 1 wherein: 

20 

R'* is a bond or CHj: 

Y is C,^ hydrocarbyl, phenyl, indanyl or a 5-10 membered heterocyclic group 
containing 1 or 2 heteroatoms independently selected from O. N or S; 

25 

wherem Y is optionally substituted by one or more groups independently selected 
from amino. C,^ hydrocarbyl optionally substituted by hydroxy, a group: 



wo 9d/lM40 



PCT/GB95/02978 



72 



-(CH2)n— NH ^ 



NH 



wherein n is as defined in claim 1 , a group: 



(CH2)i^_NH 



10 



wherein n is as hereinbefore defined and D and E are independently hydrogen, 
hydroxy, amino. Cj^ alkyl, -CNHCHj. or a 5-10 membered heterocyclic group 
containing 1 or 2 heteroatoms independently selected from 0, N or S, a group: 

15 

-(CH2)„-NH-(CHj)„.-F 



wherein n and n* are as defined in claim 1 and F is phenyl, or a 5- or 6- 
membered heterocyclic group containing 1 or 2 heteroatoms selected from 0,N and 
20 S optionally substituted by 



25 

a group: 

-{CHA-G 



wherein n is as hereinbefore defined and G is a 5-10 membered heterocyclic group 
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10 



25 



containing 1 or 2 heteroatoms independently selected from O. N or S, CNHNH 
and CHzSCNHNHj. ' ' 



13. A compound as claimed in claim 10 wherein R« is a bond. 

14. A compound as claimed in claim 13 wherein Y is optionally substituted 
phenyl or an optionally substituted 5-10 membered heterocyclic group containing 
1 or 2 heteroatoms independenUy selected from O, N or S. 

15. A compound as claimed in claim 14 which is: 



N-(3-(Hydroxymethyl)phenyl)Acetamidine; 
N-(3-(Aniinomethyl)phenyl)acetamidinc ; 

N-(3-((1.2,3,4-tetrahydroisoquinol-2-yI)methyl)phenyl)-acetamidine; 
15 N-(3-((Methylamino)methyl)phenyl)acetamidine; 

N-(Dimethylamino)methyl)phenyI)acetamidine; 

N-(3-(Aminomethyl)phenyl)-2-fluoroacetamidine; 

N-(3-Morpholinomethyl)phenyl)acetamidine; 

N-(3-(2-Aminoetiiyl)phenyl)acetamldine; or 
20 N-(l,2,3.4-Tetrahydroisoquinolin-7-yl)acetamidine. 

16. A compound as claimed in claim 10 wherein R" is -CH,-. 



17. A compound as claimed in claim 16 wherein Y is is optionally substimted 
phenyl, indanyl or a opUonally substimted 5-10 membered heterocyclic group 
containing 1 or 2 heteroatoms independently selected from O, N or S. 



18. A compound as claimed in claim 17 which is: 



wo 96/19440 



PCT/GB95/02978 



74 

N-(3-(aininoinethyl)benzyl)acetamidine; 
N-(4-(ammomethyl)ben2yl)acetamidine; 
N-(3-(Aminomethyl)benzyl)-2-fluoroacetamidine; 
N-(3-(Ammomethyl)ben2yl)-2-aminoacctaniidine; 
5 N-[[6-(Ammomethyl)-2-pyridyl]inethyllacetamidme; 

N-(3-(Aminomethyl)ben2yl)-2,2,2-trifluoroacetamidine; 
N-((lH-Indazol-6-yl)mcthyl)acetainidine; or 
N-((3-Amino-5-iiidany l)methy l)acetamidine . 

10 19. A compound as claimed in claim 18 which is: 

N-(3-(aminomethyl)benzyl)acetamidine; 
N-(4-(arainomethyl)benzyl)acetamidine; 
N-(3-(Aminomethyl)benzyl)-2-fluoroacctamidine; 
1 5 N-(3-(Aminomethy l)benzyl)-2-aminoacetamidinc; 

N-[(6-(Aminomethyl)-2-pyridyllmethyl]acetamidine; 
N-((lH-Indazol-6-yl)methyl)acctamidinc; or 
N-((3-Amino-5-indanyl)methyl)acetamidine; 

20 or a salt diereof . 

20. A compound as claimed in claim 1 or 10 which is: 

N-(3-(aminomethyl)benzyl)acetamidine; 
25 N-(3-(aminomeihyl)benzyl)-2-fluoroacetamidine; 
N-(4-(aminomethyl)benzyl)acetamidinc; 
N-(4-aminobutyl)acetamidine; 
N-(5-aminopentyl)acetamidine ; 
N-(6-aminohexyl)acetamidine; 
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N-{7-aminoheptyl)acetamidine; 

N,N'-(1 ,3-phenylenebis (meihylene))bis(acetamidiiie); 

N,N'-{1 ,4-phenylenebis (methylene))bis(acetami(ime); 

N,N'-(l,3-phenylene(diethylene))bis(acetamidiiie); 

N , N .4-phenylene (diethylene))bis(acetamidme) ; 

N-(3-(ammomediyl)beiizyl)-2-methoxyacetaniidine; 

2-Ainino-N-(3-(ammomcthyI)benzyI)acctamidme; 

N-(3-(hydroxymethyl)phenyl)acetamidiiie; 

N-(3-(aminoniethyl)phenyl)acetaniidine; 

N-(3-(Aiiimomethyl)phcnyl)acetainidine; 

N-{3-(Ammomethyl)phenyl)-2-fluoroacetainidine;or 

N-((3-Ainino-5-indanyI)methyl)acetamidine; 

or a salt thereof. 

21. A confound as claimed in claim 20 which is: 

N-(3-(aminomethyl)ben2yI)-2-fluoroacetamidine; 
N-(3-(Aminomethyl)phenyl)acetamidine; 

N-(3-(Aminomctiiyl)phenyl)-2-fluoroacetamidine;or 
N-((3-Amino-5-indanyl)methyl)acetamidiiic; 

or a salt thereof. 

22. A compound as defined in any one of claims 1 to 21 for use in medicine. 

23. A pharmaceutical formulation comprising at least one compound as defined 
in any one of claims 1 to 21 together with one or more pharmaceuiically 
acceptable carriers, diluents or excipients. 
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24. The use of a compound as defined in any one of claims 1 to 21 in the 
manufacture of a medicament for the prophylaxis or treatment of a condition 
requiring inhibition of NO synthase. 

25 . The use as claimed in claim 24 wherein the compound inhibits one of the NO 
synthase isoenzymes with little or no inhibition of the other isoenzymes. 

26. A method of treating a condition requiring inhibition of NO syntiiase. which 
comprises the step of administering to a mammal m need thereof an effective 
amount of a compound as defined in any one of clanns 1 to 21 or a pharmaceutical 
formulation as claimed in claim 23. 



27. A method as claimed in claim 26 wherein the compound, or pharmaceutical 
formulation, inhibits one NO synthase isoenzyme with little or no inhibition of 

15 other isoenzymes. 

28. A method as claimed in claim 26 or claim 27 wherein the mammal is a 
human. 

20 29. The use of a compound as defined in any one of claims 1 to 21 in the 
manufacmre of a medicament for the prophylaxis or treatment of shock states 
resulting from overproduction of NO by iNOS. 

30. The use as claimed in claim 29 wherein the condition is septic shock, shock 
25 caused by fukninant hepatic failure, shock caused by therapy with one or more 

cytokines or shock caused by therapy with cytokine-inducing agents. 



31. The use as claimed in claim 30 wherein the condition is septic shock. 
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32. The use of a compound as defined in any one of claims 1 to 21 in the 
manufacnire of a medicament for the prophylaxis or treatment of an auto-immune 
disease or an inflammatory disease. 

33. The use as claimed in claim 32 wherein the disease is rheumatoid arthritis, 
osteoarthritis, ulcerative colitis, gastritis, mucosal inflammation resulting from 
infection, adult respiratory distress syndrome, asthma, myocarditis, multiple 
sclerosis, diabetes meUtus, glomerulonephritis, dermatitis, psoriasis, urticaria, 
transplant organ rejection or systemic lupus erythematosis. 

34. The use as clauned in any one of claims 29 to 33 wherein tiic compound is 
as defined in claim 18 or claim 19. 



35. The use of a compound as defined in any one of claims 1 to 21 in the 
15 manufacture of a medicamem for the prophylaxis or treatment of a condition 

resulting from the overproduction of NO by nNOS. 

36. The use as claimed in claim 35 wherein die condition is cerebral ischemia, 
CNS trauma, epilepsy, AIDS dementia, chronic neuitxlegenerative disease, chronic 

20 pain, priapism, obesity or hypcrphagia. 

37. The use as claimed in claim 36 wherem the compound is as defined in claim 
15. 

25 38. The use of a compound as defined m any one of claims 1 to 21 in the 
manufacture of a medicament for the prophylaxis or treatment of a condition which 
requires inhibition of both iNOS and nNOS. 

39. A meUiod for the prophylaxis or treatment of a condition requiring inhibition 
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of iNOS which comprises the step of admimstering to a niammal an effective 
amount of a compound as defined in any one of claims 1 to 21. 

40. A method as claimed in claim 39 wherein the condition is septic shock, shock 
5 caused by fulminant hepatic failure, shock caused by therapy with one or more 

cytokines or shock caused by therapy with cytokine-inducing agents. 

41. A method as claimed in claim 40 wherein the condition is septic shock. 

10 42. A method as claimed in claim 39 wherein the condition is an auto-inunime 
disease or an inflanmiatory disease. 

43. A method as claimed in claim 42 wherein the condition is rheumatoid 
arthritis, osteoarthritis, ulcerative colitis, gastritis, mucosal inflammation resulting 

15 from infection, adult respiratory distress syndrome, asthma, myocarditis, multiple 
sclerosis, diabetes melitus, glomerulonephritis, dermatitis, psoriasis, urticaria, 
transplant organ rejection or systemic lupus erythematosis. 

44. A method as clauned m any one of claims 39 to 43 wherein the compound 
20 is as defined in claim 18 or claim 19. 

45. A method for the prophylaxis or treatment of a condition requiring inhibition 
of nNOS which comprises the step of administering to a mammal an effective 
amount of a compound as defined in any one of claims 1 to 21. 

25 

46. A method as claimed in claim 45 wherein the condition is cerebral ischemia, 
CNS trauma, epilepsy, AIDS dementia, chronic neurodegenerative disease, chronic 
pain, priapism, obesity or hyperphagia. 
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47. A method as claimed in claim 45 or claim 46 wherein the compound is as 
defined n claim 15. 



48. A process for the preparation of a compound of fonnula (I), as defmed in 
5 clami 1 or claim 2 comprising the reaction of an amine of fonnula (H): 



10 



15 



or a protected derivative thereof wherein R2 is as hereinbefore defmed. with 
1-benzylthioethamminium derivative of formula (01): 




wherein Rl is as herembeforc defmed followed by deprotection if 



necessary. 
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Box 1 Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet) 



This internauonal search report has not been established in respect of certain claims under Article 17(2 )(a) for the following reasons; 
1. Claims Nos.: 

because they relate to subject matter not required to be searched by this Authority, namely: 

Please see attached sheet 



Claims Nos.: 

because they relau to paru of the iniernalional application that do not comply with the prescribed requiremcnu to such 
an extent that no meaningful international search can be carried out, specifically: 

Please see attached sheet 



3. Q Claims Nos.: 

because they arc dependent claims and are not drafud in accordance with the second and third sentences of Rule 6.4(a). 



Box II Observations where imity of invention is lacking (Continuation of item 2 of first sheet) 



This International Searching Authority found multiple inventions in this internaional application, as follows: 



1. Pn At all required additional search fees were timely paid by the appUcant, this international search report covers all 

searchable daims. 

2, I I As ill searchable claims could be searches without effort justifying an additional fee, this Authority did not invite payment 
of any additional fee. 



3. rn As only some of the required additional search fees were timely paid by the applicant, this international scirch report 
covers only those daims for which fees were paid. spedftcaUy daimt Nos.: 



4. rn No required additional search fees were Umely paid by the appUcant. ConsequenUy, this international seirch report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 



Remark on Protest The additional search fees were accompanied by the appUcani's protest. 

I 1 No orotcsi aocomoanicd the paymenl of additional search fees. 
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of document, with uidicaaon. where tppropnuc, of the rekvini pusAges 



Rdevint to cl«im No. 
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W0,A.93 13055 (WELLCOME FOUND) 8 July 1993 
see claims 

JOURNAL OF MEDICINAL CHEMISTRY, 

vol. 37, no. 23, November 1994 WASHINGTON 

pages 3886-88, 
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